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A TAPHONOMIC STUDY OF BLACK BEAR (URSUS AMERICANUS) AND 
GRIZZLY BEAR (U. ARCTOS) TOOTH MARKS ON BONE 
MAKALA UDONI 
ABSTRACT 
 Tooth mark and gnaw damage modifications on bone from African carnivores 
have been extensively examined; however, there are little data on North American 
carnivores, especially on ursids.  Tooth mark modifications include pits, punctures, 
scores, and furrows, while gnaw damage modifications include crenellated margins, edge 
polish, scalloping, scooping, and crushed margins.  Forensically, tooth mark 
identification and measurements allow for easier identification of species involved in 
cases containing predator or scavenger alteration.  The present study hypothesized that 
black bear (Ursus americanus) and grizzly bear (U. arctos) tooth marks will be able to be 
distinguished from one another and the two bear species will have different gnawing 
patterns.  Further, the study hypothesized that ursid tooth marks and gnaw damage will be 
distinguishable from other documented carnivore alterations.  
 In the present study, black bears and grizzly bears from the Oakland Zoo were fed 
56 proximal and distal femoral epiphyses from cattle (Bos taurus).  The skeletal remains 
were cleaned and analyzed at Boston University, School of Medicine for pits, punctures, 
scores, and furrows.  Each tooth mark was photographed and then processed through the 
open-source software ImageJ (National Institutes of Health) in order to obtain the area, 
perimeter, length, and width of each tooth mark.  The presence of certain gnaw damage 
characteristics were also recorded for each bone, such as crenellated margins, edge 
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polish, scalloping, scooping, and deep furrows.  Statistical analyses were used to 
distinguish if the epiphysis type (proximal or distal) or bear species were statistically 
significant factors in the type of tooth mark and gnaw damage.   
The results indicate a pattern distinctive to ursid scavenging with pits with an 
average length of 3.53 mm and width of 2.19 mm, an average score width of 1.47 mm, 
scalloping on the distal epiphysis especially on the patellar surface of the femur, scooping 
on the proximal epiphysis especially on the greater trochanter of the femur, and deep 
furrows primarily on the distal epiphysis along the patellar region and condyles of the 
femur.  When comparing the present study to previous ursid studies (Arilla et al. 2014; 
Domínguez-Rodrigo and Piqueras 2003; Sala and Arsuaga 2013; Saladié et al. 2011) and 
previous other carnivore studies (Andrés et al. 2012; Delaney-Rivera et al. 2009; Pobiner 
2007), there was a statistical significance between ursid pits and fox (Vulpes vulpes), 
skunk (Mephitis mephitis), and the combination of hyena (Crocuta crocuta) and lion 
(Panthera leo) pits.  Scooping occurred in 35.2% of the entire sample, while scalloping 
occurred in 29.6% of the entire sample.  Scooping has been observed in previous research 
but not as high of a percentage as the present study, and scalloping has been noted in a 
black bear study (Carson et al. 2000) and a wolf/dog study (Milner and Smith 1989), but 
with no numerical data for comparison.  The high percentage of scooping and scalloping 
on long bones could be distinctive characteristics of ursid gnaw damage and could 
distinguish ursid scavenging from other carnivores.  
vii 
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INTRODUCTION 
 
Understanding scavenging patterns is beneficial for forensic anthropologists, 
because scavengers can affect forensic cases in many different ways as outlined by 
Moraitis and Spiliopoulou (2010).  Specifically they indicate that: (1) carnivores tend to 
disarticulate remains and transport them away, (2) skeletal elements are altered due to 
feeding and gnawing, (3) element survivorship is altered by scavenging, and (4) evidence 
of the manner of death and/or personal identification can be altered or destroyed.  The 
increased rate of recovery of skeletal elements and a better chance for a positive 
identification can be attributed to identifying key characteristics of scavenging pattern, 
such as the four described by Moraitis and Spiliopoulou (2010).  A more systematic 
examination was needed which will ultimately benefit death investigators in identifying 
carnivore scavenging and its implications.  
The most extensively studied taphonomic agent in North America are canids 
(Burke 2013; Fosse et al. 2012; Haglund 1989; Haynes 1980a,b,\1982, 1983; Willey and 
Snyder 1989), however, canids are not the only species that scavenges.  Bears are 
considered opportunistic eaters, since they will consume carrion when it is available.  
Bear scavenging on human remains is not as common as by wolves (Canis lupus) or 
domestic dogs (C. familiaris) (Buschmann et al. 2011; Steadman and Worne 2007); 
however, there are examples of it occurring.  One example occurred in California where 
human remains were recovered, which contained evidence of carnivore scavenging, such 
as fractures and gnawed epiphyses (Murad 1997; Murad and Boddy 1987).  It was 
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determined that a bear was responsible due to the dried muddy tracks, similar to that of a 
bear, scat from an omnivore, and claw marks present at the scene.  This case 
demonstrates that bears will scavenge on human remains if given the opportunity and 
should be considered in a death investigation as potential taphonomic agents.  Because of 
this, more information, such as patterns and characteristics of tooth mark and gnaw 
damage, need to be researched in order to distinguish bear scavenging.  
One type of evidence for carnivore scavenging is the presence of tooth marks.  
Tooth marks can be found on any remains, human or nonhuman, and are classified as 
pits, punctures, scores and furrows (Andrews and Fernandez Jalvo 1997; Binford 1981; 
Coard 2007; Delaney-Rivera et al. 2009; Domínguez-Rodrigo et al. 2012; Domínguez-
Rodrigo and Piqueras 2003; Haglund 1997; Haynes 1980a; Lyman,1994; Pobiner 2007; 
Saladié et al. 2011; Selvaggio and Wilder 2001).  For use in the present study, the 
following definitions have been defined by previous research to distinguish the different 
tooth marks (Binford 1981; Burke 2013; Lyman 1994; Pobiner 2007; Pokines and Kerbis 
Peterhans 2007; Pokines and Tersigni-Tarrant 2013; Sala and Arsuaga 2018; Saladié et 
al. 2011).  Pits range from circular to oval-shaped depressions that have a length that is 
less than 3x their width and do not penetrate the cortical bone.  Punctures, similar to pits, 
are circular to oval-shaped depressions that have a length that is less than 3x their width, 
but they do penetrate through the thin cortical bone, exposing cancellous bone or marrow 
cavity.  Scores are made from a tooth dragging across the surface creating a U-shaped 
mark that has a length that is 3x longer than their width, but do not penetrate the cortical 
bone.  Furrows, similar to scores, are deeper U-shaped marks that have a length that is 3x 
3 
longer than their width, but do penetrate and removed the cortical bone, exposing the 
cancellous bone or marrow cavity. 
Along with tooth marks, other evidence of gnawing can indicate carnivore 
scavenging.  For example, edge polish and crenellated margins are gnaw characteristics 
which are found on the broken edges of bone.  They are created as the carnivore 
continuously chews from the epiphysis to the diaphysis to consume the nutrients from the 
marrow cavity (Burke 2013; Haynes 1980b; Pokines 2014).  Since epiphyses are mostly 
comprised of cancellous bone, they are easier to destroy.  Edge polish occurs with 
continued gnawing on broken edges, usually after the destruction of the epiphysis, until 
the edges look rounded and smooth and have a polished-looking surface (Pokines and 
Kerbis Peterhans 2007; Pokines and Tersigni-Tarrant 2017).  Along with edge polish, 
crenellated margins can also be formed with any gnawing.  Crenellated margins are 
created when fragments of bone are broken off, forming a jagged edge (Pokines and 
Tersigni-Tarrant 2017).  Unfortunately, the formation of both edge polish and crenellated 
margins have the potential to damage and destroy prior tooth marks.  Peeling of the bone 
has been observed as the regions of bone which have been stripped away usually using 
the anterior teeth (Arilla et al. 2014).   
 Sala and Arsuaga (2018) have noted that numerous studies differed in their 
collection and analysis of data.  For example, Pobiner (2007) groups pits and punctures 
together, in contrast to Delaney-Rivera et al.  (2009), who collected only pit 
measurements.  Domínguez-Rodrigo and Piqueras (2003) focused their data collection 
only on collecting size ranges of pits, but did not record the actual size of the pits.  These 
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differences in collection can cause problems when using these studies as comparisons.  
These problems give rise to questions regarding if future studies can compare the average 
pit lengths to size ranges, or if researchers can only use studies that collect data similarly 
to their study.   
In some taphonomic and archaeological studies (Andrews and Fernandez Jalvo 
1997; Domínguez-Rodrigo et al. 2012; Selvaggio and Wilder 2001), bone accumulations 
have been studied to understand the relationship between past carnivores and humans.  
Depending on the location of the assemblage (i.e., in a cave or a hyena den) large bone 
samples could remain undisturbed for years.  This gives researchers the opportunity to 
examine carnivore taphonomic patterns that were created in the past, and compare them 
to present day patterns to distinguish if there is a difference or not.  Some of these 
patterns include the presence of carnivore tooth marks and gnawing and the presence or 
absence of hominin occupancy.  While studying bone accumulations, researchers try to 
understand what species made up an assemblage, what species created the assemblage, 
and if there was any interaction between past carnivores and hominins.  Examples of 
bone accumulator species include the three extant hyena species: spotted hyenas (Crocuta 
crocuta), striped hyenas (Hyaena hyaena), brown hyenas (Parahyaena brunnea), 
leopards (Panthera pardus), and wolves.  With our knowledge of the patterns these 
species can create, researchers can try to distinguished the carnivore that modified the 
accumulation and the relationship between carnivores and hominins.  
Different families of carnivores, such as canids and felids, have different dental 
morphologies; however, most carnivore species have similarities like mesodont crowns 
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and secodont cusps; blade-like carnassials; pointed premolars; dagger-like canines; and 
small incisors (Coard 2007; Van Valkenburgh 1996).  Van Valkenburgh (1996) studied 
the variation in carnivore tooth morphology while observing the feeding patterns of 
spotted hyenas, wild dogs (Lycaon pictus), lions (Panthera leo), and cheetahs (Acinonyx 
jubatus).  Lions and cheetahs were recorded as having similar dental structures; however, 
the size of lion dentition is much larger, creating larger marks.  Spotted hyena dentition 
differs from other carnivores, because they have evolved massive premolars to permit 
bone crushing (Van Valkenburgh 1996).  Studying dental morphologies allow researchers 
to identify what teeth are responsible for creating tooth marks on bones and can help lead 
to an identification of the species that fed on remains.  
Even though many species of the order Carnivora have different sized or shaped 
teeth, most have carnassial teeth which are the fourth premolar on the maxilla and the 
first molar on the mandible and are used to slice through skin and muscle.  Carnivore 
carnassials can come in many different forms due to the wide range of their diets.  Felid 
carnassials are characterized as blade-like in order to slice through meat, while hyena 
carnassials are blunt-cusped and utilized to break bone and ursid carnassials are for 
masticating plant matter (Davies et al. 2007; Ewer 1973).  Ursid carnassials are 
characteristically smaller in size due to their decreased reliance of meat.   
Black bears (Ursus americanus) and grizzly bears (U. arctos) have a dental 
formula of I 3/3, C 1/1, P 4/4, and M 2/3 (Pasitschniak-Arts 1993) and bunodont chewing 
teeth (Sacco and Van Valkenburgh 2004; Saladié et al.  2011), which allows them to 
consume a wide range of food.  When examining the craniodental morphologies of eight 
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bear species, Sacco and Van Valkenburgh (2004) noted that the more carnivorous bears 
(grizzly and polar bears) had low mandibular rigidity and slightly reduced grinding areas 
compared to those of omnivorous canids such as domestic dogs.  Their study concluded 
that there are differences in dental morphologies even within the same genus (Sacco and 
Van Valkenburgh 2004).  These differences could lead to possible identification if more 
carnivorous bears (grizzly bears) leave different size tooth marks than omnivorous bears 
(black bears). 
Three species of bears are found in North America: black bear, grizzly or brown 
bear, and polar bear (U. maritimus).  Black and grizzly bears are the focus of the present 
study, since they have the largest populations and distributions.  According to the IUCN 
Red List of Threatened Species (IUCN 2019), the estimated population of black bears in 
North America is between 850,000-950,000 (Garshelis et al. 2016), and the estimated 
population for grizzly bears is around 58,000 (McLellen et al. 2017).  Black bears have 
an average weight of 190 pounds (Larivière 2001), while grizzly bears have an average 
weight of 389 pounds (Pasitschniak-Arts 1993).  Because of their different sizes, the two 
bear species have different bite forces.  Wroe et al. (2005) observed an average bite force 
from the canines for grizzly bears around 751 N, while black bears had an average bite 
force of 541 N.  Christiansen and Wroe (2007) reported different outcomes, since their 
study was recorded at the carnassials, but grizzly bears continued to have a stronger bite 
force, with an outcome of 1409.7 N compared to 744.3 N from black bears. 
Both black bears and grizzly bears have diets that consist of plants, berries, nuts, 
and marine and terrestrial meat.  Mowat and Heard (2005) examined the ratio of salmon 
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and terrestrial meat that made up a bear’s diet, and they observed that the bears living on 
the Pacific Coast of North America consumed more salmon (up to 60-100% of their total 
diet) versus bears that live inland and do not have access to the coast (0-5% of their total 
diet).  In contrast, the ratio of terrestrial meat in bears’ total diet is larger in the bears 
living away from the coast (45-65%) versus those that live on the coast (0-5%) (Mowat 
and Heard 2005).  Even though their study demonstrates a large portion of a bear’s diet 
consists of meat, the majority is obtained through scavenging on carrion, instead of 
hunting.  Bear utilization of carrion was studied by Craighead et al. (1995), who noted 
that there were predictable patterns in grizzly bear carrion consumption during seasons 
with heavier carrion accessibility (usually spring).  They were able to predict what food 
sources would be available and where they would be depending on the season (Craighead 
et al. 1995). When carrion was readily available, the observed bears primarily focused on 
consuming meat over any other resources (Craighead et al. 1995).  This behavior is 
different from wolves, since their main source of nutrition is meat.  Wolves will utilize a 
whole carcass, including gnawing on bones, to obtain the nutrients that they need to 
survive (Burke 2013).  Similarly, Burke (2013) observed peak carrion consumption for 
grizzly bears in the months of March to May when bears finish their hibernation and they 
have easier access to carcasses of the animals who did not survive the winter.  
These observations on the utilization of carrion by bears is important to note, 
because during this time they are actively replenishing their nutrient supplies after their 
hibernation.  During this time, the bears could become more aggressive or be more 
willing to search for food in locations closer to humans.  Confrontations between black 
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bears and humans between the years 1900 and 2009 resulted in a total of 63 fatalities in 
North America (Herrero et al. 2011).  A total of 78% (n=49) of those attacks occurred in 
Canada and Alaska, and 22% (n=14) occurred in the lower 48 states (Herrero et al. 2011).  
Interactions between humans and bears in which a bear makes physical contact with a 
human is defined by Smith and Herrero (2018) as a human-bear conflict.  These conflicts 
usually result in the bear exhibiting predatory behavior or unintentionally hurting or 
killing a person.  Between the years 1880 and 2015, Smith and Herrero (2018) recorded 
the reported human-bear conflicts and estimated that in 1880, 2.6 conflicts occur per year 
in Alaska, but that estimation rose in the current decade to 7.6 conflicts per year.  With 
the increase in human population, Smith and Herrero (2018) hypothesized that the 
expansion into bear habitat has allowed for more interactions between humans and bears, 
which leads to more conflicts.  Because of the increase in human-bear conflicts, there is a 
need for studies on bear tooth marks and scavenging patterns. 
In the present study, it is hypothesized that it will be possible to distinguish 
between black and grizzly bear tooth marks and that the two bear species will have 
different gnawing patterns.  Further, it is also hypothesized that ursid tooth marks will be 
distinguishable from other documented carnivore tooth markings due to the different 
craniodental morphology of bears.  The present study will also identify gnaw 
characteristics, such as location of the damage, presence of deep furrows, the absence of 
a skeletal feature, etc., which will distinguish bear scavenging from other carnivores.  
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PREVIOUS RESEARCH 
 
Extensive research has been done on carnivore scavenging, including 
distinguishing scavenging patterns made by different carnivores (Burke 2013; Carson et 
al. 2000; Fosse et al. 2012; Haglund 1997; Haglund et al. 1989; Haynes 1982, 1983a,b; 
Saladié et al. 2011), examining tooth mark dimension characteristics (Delaney-Rivera et 
al. 2009; Domínguez-Rodrigo and Piqueras 2003; Pickering et al. 2004; Pobiner 2007; 
Selvaggio and Wilder 2001), differentiating species by their tooth mark morphologies 
(Andrés et al. 2012; Burke 2013; Domínguez-Rodrigo et al. 2012; Haynes 1983a; 
Pickering et al. 2004; Pobiner 2008; Sacco and Van Valkenburgh 2004; Selvaggio and 
Wilder 2001; Van Valkenburgh 1996), comparing extant and extinct carnivore tooth 
marks to demonstrate carnivore involvement in bone assemblages (Andrews and 
Fernandez Jalvo 1997; Chichkoyan et al. 2017; Domínguez-Rodrigo and Piqueras 2003; 
Selvaggio 1994), and identifying carnivore scavenging in a forensic context (Coard 2007; 
Pickering and Carlson 2004; Sala and Arsuaga 2018; Willey and Snyder 1989).  It was 
not until recently that bears became a focus in carnivore taphonomic research; however, 
these studies primarily focused only on brown bears in Northern Spain (Arilla et al. 2014; 
Carson et al. 2000; Green et al. 1997; Sala and Arsuaga 2013; Saladié et al. 2011). 
  
Scavenging Patterns Made by Different Carnivores  
 Studies that involve carnivore scavenging examine the patterns of consumption 
and disarticulation, the location of gnawing, and what elements are present or absent after 
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consumption.  Hill (1979) examined the disarticulation and scattering of Topi 
(Damaliscus korrigum) remains in order to develop a disarticulation sequence for 
vertebrate remains.  Disarticulation sequences can help in the estimation of the time 
between death and burial, can reflect the environmental conditions from the variation is 
the sequence, and can reconstruct postmortem events (Hill 1979).  Carnivores play a 
large role in the disarticulation and scattering of remain, especially when they transport 
remains away from the initial kill site in order to gnaw on the bones to consume the 
grease and other nutrients from the bone.  Hill (1979) developed a different method for 
recording the disarticulation pattern of carcasses.  Instead of observing a single carcass 
and the movement of the bones, he recorded the number of different intact joints from the 
assemblage (Hill 1979).  He recorded the number of joints within a skeleton and then 
how long that joint was able to remain intact.  Hill (19790 focused on the patterns of 
disarticulation and scattering, but not on the patterns of consumption.  Haglund et al. 
(1989) developed a consumption pattern from observing 30 cases of wolf and dog 
scavenging on human remains and created five stages of scavenged remains in order to 
estimate the postmortem interval, which could help in locating dispersed skeletal 
elements.  The first stage is the removal of soft tissue followed by the consumption of the 
organs of the thoracic region and the removal of the upper limbs.  The third step is the 
removal of the lower limbs, then the disarticulation of the vertebral column, ending in the 
total disarticulation of the remains (Haglund et al. 1989).  They noted that canid 
scavenging differs depending on human population density, the location and position of 
the remains, and the cause of death.  Haynes (1982) focused on the relationship between 
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wolves and their prey.  Through his studies of American bison (Bison bison) and moose 
(Alces alces) kill sites, Haynes (1992) observed a pattern in the dispersal of the remains 
and patterns of taphonomic modifications.  Home sites, the area close to the designated 
den, contained bones with tooth scores and scratches located on compact bone and 
fracture-edge rounding and gouging on cancellous bones.  In contrast, scavenging sites 
and kill sites showed little evidence of gnawing.  Similar to home sites, captive wolves 
were observed to gnaw long bone epiphyses off and create spiral fractures and edge 
polish.  Haynes (1982) coined the term “kennel pattern” for this excessive gnawing 
behavior which can also be observed by domestic dogs and other captive mammals.  
Previous scavenging research on North American carnivores focused primarily on 
wolves and domestic dogs due to their higher frequency in predation and potential for 
creating bone assemblages (Fosse et al. 2012; Haglund 1997; Haglund et al. 1989; 
Haynes 1982, 1983b).  Fosse et al. (2012) examined the bone modifications of wolves 
globally.  They compared the taphonomic alterations of North American wolves to 
Poland wolves and then compared their findings to previous hyena studies.  Fosse et al. 
(2012) observed that the North American and Poland samples resulted in a similar 
cranial/postcranial ratio with a low frequency in tooth marks, fractures, and gnaw 
damage.  Four different modifications were observed on 20% of the long bones, such as 
scooping out, scoring/furrowing, pitting, and punctures (Fosse et al. 2012).  Fosse et al. 
(2012) concluded that wolf taphonomic pattern is difficult of define, but, it is distinctive 
from that of hyenas.   
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One of the few earlier studies which included a wide range of species was Haynes 
(1983a), which examined feeding behaviors and modification patterns of hyenas, wolves, 
bears, and large cats to distinguish what taxon created the modifications.  The goal of his 
study was to try to identify the presence of a specific carnivore by the gnaw damage in 
Pleistocene and recent fossil collections.  He gave captive hyenas, wolves, large cats, and 
bears fresh cow (Bos taurus) bones and recorded the type of damage that he observed, the 
amount of time the animal remained interested in the bone, and the type of damage that 
was created when several animals gnawed on the bone.  Through his study, Haynes 
(1983a) observed that the carnivores consumed the bones in a predictable sequence which 
could then be put into stages (Haynes 1981, 1982).  The observations that were made of 
ursids included modifications that were not as heavy or intense as those made by hyenas 
or wolves; however, they did leave distinct furrowing patterns on cancellous bone 
because of their broad cheek teeth (Haynes 1983a).  When gnawing on the proximal head 
of the femur, the bears tended to gnaw off the greater trochanter as well as the trochlear 
rim.  As the gnawing progressed on the femoral head, Haynes (1983a) observed that the 
trochanter flattened and the bears would gouge into the cancellous bone.  In regards to the 
shaft of the bone, he observed a range of little scratches to no marks; however, if there 
were marks, then they were short scores that tended to be parallel (almost never wider 
than 1.5 mm or longer than 9 mm) (Haynes 1983a).  Haynes (1983a) concluded that bear 
damage tends to express itself with the rounding and the grinding of edges which created 
crenellated margins and edge polish.  Through his study, Haynes (1983a) discovered that 
these carnivores did show slightly different feeding behaviors; however, due of the 
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overlap in their habitat and their ranges with other carnivores, one cannot distinguish 
what species modified a bone without the use of a more detailed taphonomic study.  
 Burke (2013) examined the taphonomic characteristics of canids, felids, and 
ursids by studying bison bone assemblages.  The majority of the previous research 
emphasized African carnivores, while little research has focused on the North American 
carnivores, with the exception of Haynes (Burke 2013).  Burke (2013) observed the 
different feeding behaviors of canids, felids, and ursids on partially or fully defleshed 
skeletal elements.  While observing wolves and coyotes, Burke (2013) noticed both 
canids utilized their incisors to tear off the soft tissue and would then transition to the 
cheek teeth to gnaw on the bone.  When given a hind appendage, the canids would focus 
more than half their time on the knee joint.  Both canids used their paws to hold down the 
carcass in order to pull off the soft tissue.  When observing the felids (mountain lions and 
bobcats [Lynx rufus]), she noticed that the felids switched between licking the whole 
carcass and gnawing on the elements with the use of their entire mouth, coined as the 
drag and grind method and was most frequently used when consuming soft tissue (Burke 
2013).  Burke (2013) also observed the feeding behavior of black and grizzly bears.  She 
found that the black bears tended to hold down the bone with their paws and would move 
ligaments and tendons out of the way in order to have better access to the meat.  She 
noticed that their incisors were used to pull the soft tissue off the bone, and they did not 
use their cheek teeth. She could not obtain any feeding information for the grizzly bears, 
because she was not allowed to record them.    
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 Burke (2013) also examined and recorded the taphonomic tooth mark patterns 
made by each animal.  She discovered that canids produced more scores and punctures 
than furrows and pits.  These tooth marks were primarily on the proximal epiphysis of the 
femur and tibia.  She noted that the majority of the marks were made by the canids’ 
incisors, instead of the cheek teeth, which were primarily used to gnaw at fat and flesh.  
The taphonomic patterns created by felids include mainly furrows, punctures and scores 
for mountain lions and mainly pits, punctures, and scores for bobcats.  Both felids 
damaged the greater trochanter, the head of the femur, and the knee joint.  The majority 
of the tooth marks occurred when the felids attempted to place the whole bone in their 
mouths and started to grind the bone.  The taphonomic patterns created by ursids include 
furrows surrounding the greater trochanter and punctures around the proximal epiphysis.  
Burke (2013) noted that punctures are the most frequent tooth mark created by the bears; 
however, they left pits, punctures, and scores along the entire bone.  She also noted that 
the grizzly bears created large gouges on the proximal femur which created large furrows 
and punctures.  Burke (2013) concluded that ursids leave characteristic disorganized 
furrows and scores within the exposed cancellous bone and they tend to focus on regions 
of the elements which contain fat and protein, such as the knee region. 
 One of the first studies to focus on the scavenging patterns of ursids was Carson 
et al. (2000), where they examined scavenging patterns of three forensic cases which 
involved seven individuals who Carson et al. (2000) assumed were fed on by black bears.  
They made this assumption due to the close proximity of a bear den, nearby bear scat, 
and a report of a bear in the area.  Carnivore modification in their Case 1 included tooth 
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marks on the os coxa, scalloped markings on the articular surfaces and epiphyses of the 
long bones (Carson et al. 2000).  The second case included tooth pits and punctures on 
the scapulae, long bones and vertebrae consistent with the size of bear dentition.  The 
crania in this case exhibited slight carnivore damage on the left maxilla and temporal 
bones of the male, and on the right palate and a fracture on the left mandible of the 
female.  The majority of the long bones contained scalloped epiphyseal margins as well 
as radial fractures (Carson et al. 2000).  The third case included radial fractures and 
scalloped edges on all the postcranial elements and punctures on the vertebrae and the os 
coxa (Carson et al. 2000).  
 Carson et al. (2000) compared the three cases to each other and to other studies of 
canid scavenging (Haglund 1997; Haglund et al. 1989; Merbs 1997).  They discovered 
that the sterna from all seven sets of remains were never recovered; however, 36.4% of 
sterna were recovered in cases involving canid scavenging.  In contrast, canid-scavenged 
individuals had a higher recovery rate than bears for the thoracic vertebrae (77.4%), 
lumbar vertebrae (23.8%) and sacra (20.7%) (Carson et al. 2000).  The vertebrae that 
were recovered from the bear-scavenged cases contained splintered margins on the 
transverse and spinous processes.  The bears also removed the articular surfaces of the 
long bones and started to gnaw their way into the marrow cavity (Carson et al. 2000).  
When comparing the results to Haglund et al. (1989), Carson et al., (2000) noticed that 
the bear- and canid-scavenged cases differed by the percentage of elements that were able 
to be recovered.  They noticed that the recovery rate for sterna and vertebrae in bear cases 
were 0% and, respectively, a little more than 50%, in contrast to the 61-73% recovery 
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rate of the axial skeleton in canid cases (Carson et al. 2000).  Due to this pattern, Carson 
et al. (2000) hypothesized that bears have a predictable pattern of damage and element 
representation which includes the shafts of the long bones to be intact with the exception 
of the articular ends and extensive damage to the scapulae, long bones and os coxa. 
Saladié et al. (2011) studied captive brown bear (Ursus arctos) feeding on pigs 
(Sus scrofa), sheep (Ovis aries), and cattle body parts.  They used 118 anatomical 
segments and isolated elements to compare the differences in modifications done to the 
same bone from different mammals.  Their study showed two patterns: no modification 
and only soft tissue damage and intense modification, but only observed on a few bones 
(Saladié et al. 2011).  It was observed that the ursids were more interested in the 
epiphyses from the cattle long bones and repeatedly tried to fracture them; however, they 
were successful in fracturing only the bones from sheep and pigs (68.2%).  The most 
common modifications were the crushing and furrowing of bone and the scooping-out of 
crenellated edges.  Saladié et al. (2011) noted that furrowing occurred on 14% of the 
skeletal elements and commonly occurred on the epiphyses of the long bones.  Scooping 
also occurred on 9.9% of the long and flat bones of sheep and pig (Saladié et al. 2011).  
Along with the furrows and scooping, pits were observed on the crushed cortical bone.  
Crenellated margins occurred on 7.4% of remains specifically on the os coxae and on the 
scapulae (Saladié et al. 2011).  Saladié et al. (2011) noted that licking of the fractured 
margins occurred on 19% of the remains which formed crenellated margins.  Tooth 
marks were present on 74.4% of the remains, but they occurred on average in low 
frequency on the bones.  Approximately 72.2% of the marks were pits, 26.8% were 
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scores, and 1.0% were punctures (Saladié et al. 2011). They noted that the bears 
produced numerous pits, which had a mean length of 3.04 mm and a mean width of 2.03 
mm in cortical bone and a mean length of 5.29 mm and a mean width of 3.73 mm in 
cancellous bone.  They also found that the mean width of scores was 0.98 mm in cortical 
bone and 1.19 mm in cancellous bone.  Saladié et al. (2011) concluded that brown bear 
modification resulted in slight to moderate damage of fragile elements; however, they can 
also create damage that is similar to other large carnivores.  They found that the pit 
measurements they collected were similar in size to those documented by Domínguez-
Rodrigo and Piqueras (2003); however, they observed that the bears created significantly 
smaller pits than those of the other carnivores, such as hyenas or lions.  
 
Tooth Mark Characteristics   
Domínguez-Rodrigo and Piqueras (2003) measured tooth pits and separated them 
into three categories, depending on their length, in order to determine the size class of 
carnivore that created them (small, medium, or large).  The three categories they used 
were: less than 4 mm, between 4 mm and 6 mm, and greater than 6 mm.  They 
distinguished the location of the pits either on the epiphyses (cancellous bone covered by 
a layer of thin cortical bone) or on the diaphysis (thick cortical bone).  The species that 
were examined in their study were lion, spotted hyena, baboon (Papio anubis), brown 
bear, domestic dog, and black-backed jackal (Canis mesomelas), and they determined the 
mean and the 95% confidence interval (CI) for each location on a bone for each species.  
On the epiphyses, the pit length mean and 95% CI were: spotted hyena (7.37 mm, 2.80-
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20.80 mm), baboon (4.60 mm, 0.23-9.90 mm), black-backed jackal (3.50 mm, 2.80-4.20 
mm), brown bear (5.24 mm, 1.43-13.99 mm), domestic dog (4.93 mm, 1.84-9.88 mm), 
and lion (6.50 mm, 4.50-8.00 mm) (Domínguez-Rodrigo and Piqueras 2003).  In contrast, 
the mean and 95% CI for pit length on the diaphysis were: spotted hyena (3.27 mm, 0.90-
11.30 mm), baboon (2.55 mm, 1.09-6.08 mm), black-backed jackal (1.45 mm, 0.51-3.67 
mm), brown bear (2.90 mm, 1.60-4.93 mm), domestic dog (3.87 mm, 1.60-4.93 mm), and 
lion (3.45 mm, 2.50-4.00 mm) (Domínguez-Rodrigo and Piqueras 2003).  Their data 
demonstrate that there is a correlation between the size of the pits and the location on 
bone, with the pits on the epiphyses having larger means and higher 95% confidence 
intervals.  Domínguez-Rodrigo and Piqueras (2003) observed that pits measuring less 
than 4 mm could be formed by all carnivores, indicating that large carnivores can make 
small and large pits.  They observed that pits with a length between 4 mm and 6 mm were 
created by medium to large-sized carnivores excluding all felids, except lions.  The third 
size class, greater than 6 mm, was created by large carnivores, including lions and spotted 
hyenas.  This pattern was also observed when comparing pit widths.  Domínguez-
Rodrigo and Piqueras (2003) concluded that pit size alone cannot determine the species 
of carnivore, but it could indicate the relative body size class of the carnivore.  
 Pobiner (2007) examined the tooth mark patterns created by African carnivores.  
She distinguished two types of tooth mark data: the proportion and patterning of the tooth 
marks on different skeletal elements, and the tooth mark morphology including lengths, 
widths, etc.  In her study, Pobiner (2007) collected the length, width, and depth of pits, 
punctures and scores from carcasses fed on by lions, hyenas, jackals, leopards, and 
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cheetahs in an attempt to identify the carnivore responsible for the tooth mark.  The total 
number of marks collected were nearly 6,000; however, only 328 scores, 198 pits and 
174 punctures were able to be measured (Pobiner 2007).  When examining the frequency 
and distribution of tooth marks across the skeletal elements, she found that there was no 
pattern of distribution (Pobiner 2007).  She discovered that there was statistical difference 
in pit/puncture lengths and widths made by the different carnivores, and that the 
measurements of length, width, and depth of the tooth pits positively correlated to the 
location of the bone that the mark was on, with larger marks occurring on the epiphyses 
and the smaller marks on the midshafts.  The largest mean length was for spotted hyenas 
(5.78 mm) followed by lions (4.90 mm).  The smallest recorded mean length was jackals 
(3.26 mm) and cheetahs (3.25 mm), which do not show a significant difference from one 
another.  The recorded mean width showed the same pattern, with spotted hyenas having 
the largest width (4.50 mm) then lions (3.42 mm), and the smallest were made by 
cheetahs (2.15 mm) and jackals (2.02 mm) (Pobiner 2007).  The recorded ranges for 
length and width demonstrated the wide distribution of sizes each species could create.  
The length ranges for each taxon are: jackal (1.87-5.85 mm), cheetah (1.57-4.92 mm), 
leopard (1.61-5.89 mm), lion (1.01-2.88 mm) and hyena (1.63-8.79 mm).  The width 
ranges for each taxon are: jackal (1.24-3.25 mm), cheetah (1.01-3.30 mm), leopard (1.08-
4.58 mm), lion (0.70-10.62 mm) and hyena (0.72-6.08 mm) (Pobiner 2007).  As 
demonstrated in these ranges, there is much overlap between these species; however, it is 
important to note that the larger carnivores, such as lions and spotted hyenas, have the 
ability to create large pits, while the smaller carnivores, such as jackals and cheetahs 
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cannot.  This might allow for researchers to distinguish tooth marks made from large 
carnivores; however, the exact species would not be able to be identified.  
Delaney-Rivera et al. (2009) noted some limitations from the previous studies.  
These limitations include: (1) a small number of carnivore taxa has been studied;  African 
carnivores and wolves have been the center of tooth mark research;  (2) the taxa that have 
been studied are biased to large carnivores;  (3) other species that are known to feed on 
carcasses; specifically, some omnivores like bears and primates create tooth marks but 
are not documented;  (4) one cannot distinguish how long ago the tooth mark was created 
by its dimensions; and (5) bite-force variation is not taken into consideration, even 
though there is a positive relationship between body mass and bite-force.  In order to 
eliminate these limitations, Delaney-Rivera et al. (2009) examined the tooth pit 
measurements of 14 species that had not been previously studied, including American 
alligator (Alligator mississippiensis), Virginia opossum (Didelphis virginiana), raccoon 
(Procyon lotor), mountain lion, tiger (Panthera tigris), striped skunk (Mephitis mephitis) 
and humans (Homo sapiens).  To record the measurements, they first took photographs of 
the marks and then processed them through ImageJ, which is an open-source software 
that has the ability to outline pits, punctures, and scores and calculate the area, perimeter, 
maximum length and breadth (Delaney-Rivera et al. 2009).  Pit measurements (primarily 
length) were compared to the lengths found by Domínguez-Rodrigo and Piqueras (2003), 
Pobiner (2007) and Selvaggio and Wilder (2001).  The range, mean, and standard 
deviation of the major and minor axes were also compared.  The results of the average 
major axis (length) for pits on the epiphyses of bones ranged from 0.95 mm (striped 
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skunk) to 4.94 mm (lion).  In contrast, the average major axis for pits on the diaphyses of 
bones ranged from 0.85 mm (raccoon) to 2.83 mm (spotted hyena).  The mean minor axis 
(width) for pits on the epiphyses ranged from 0.63 mm (striped skunk) to 3.95 mm (lion).  
In contrast, the mean minor axis on the diaphyses ranged from 0.62 mm (raccoon) to 1.49 
mm (spotted hyena).  They concluded that there was a relationship between tooth mark 
dimensions, body size, and bone portion, but they could only infer that large carnivores 
created the large pits, while small to medium-sized carnivores created the small to 
medium-sized pits (Delaney-Rivera et al. 2009). 
 
Differentiating Species by Their Tooth Mark Morphology 
 Specific dental morphology and patterns are mostly determined by the diet of the 
animal.  For example, carnivores have evolved carnassial teeth to tear through skin to 
consume the meat.  Researchers have studied the differences in feeding behaviors of 
carnivores and how their different craniodental morphology might be used to differentiate 
between species that fed from a carcass.  Van Valkenburgh (1996) observed the feeding 
behaviors of lions, hyenas, cheetahs, and wild dogs and determined what teeth were used 
when eating different materials (skin, muscle, or bone).  Van Valkenburgh (1996) 
specifically focused on the function of the carnassial teeth and incisors and how they are 
different between the carnivores.  These differences include hyenas using their premolars, 
carnassials, and occasionally incisors to crack open bone, while wild dogs utilize their 
postcarnassial molars.  A second difference was that lions and cheetahs were rarely seen 
consuming bone.  These differences in feeding behaviors explain why some species have 
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evolved specialized dentition, like hyenas, while some species, like bears, have evolved 
dentition which differs from typical carnivore teeth to more omnivorous teeth, including 
human.  
 Feeding patterns were also observed by Burke (2013).  Captive wolves, coyotes, 
bears, mountain lions, and bobcats were videotaped consuming a carcass which was then 
used to match specific tooth marks to the dentition that created them.  This research is 
significant, because it can help determine specific characteristics that could distinguish 
one carnivore damage from another.  Burke (2013) concluded that with the knowledge of 
feeding behavior and the presence of tooth marks, there is a potential to distinguish the 
specific carnivore; however, it is important to note that species of similar size and feeding 
behavior will not be distinguishable. 
 The presence and absence of gnaw damage may be used in identifying what 
carnivores modified an assemblage.  Domínguez-Rodrigo et al. (2012) examined the 
presence or absence of gnaw patterns, furrow patterns and their intensity created by lions, 
spotted hyenas, and wolves.  Through the use of three analyses, Domínguez-Rodrigo et 
al. (2012) were able to separate lion modifications from hyenas and wolves due to their 
homogeneous use of the carcass and percentage of complete bones in the assemblage. 
The analyses also distinguished wolves from spotted hyenas due to their reduced impact 
of bone modifications because of their weaker jaw muscles.  One exception is with a 
subadult carcass.  The wolves were able to obtain similar damage as spotted hyenas when 
the limbs were not completely fused (Domínguez-Rodrigo et al. 2012).  
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Distinguishing different nonhuman agents responsible for taphonomic 
modifications can create a more complete picture of the past environment.  Bone 
assemblages can be created by leopards if they transport their prey to a particular tree and 
the bones accumulate under it, or bones can accumulate within a cave (Ruiter and Berger 
2000).  Pickering et al. (2004) examined the role of leopards in the accumulation of 
skeletal material at the Swartkrans Member 3 assemblage.  Pickering et al. (2004) 
collected the length and breadth of randomly chosen pits and compared their data to those 
of Domínguez-Rodrigo and Piqueras (2003), Selvaggio (1994), and Selvaggio and Wilder 
(2001), who collected measurements from African carnivores, which included leopards.  
Their study observed a low frequency of tooth marks on the bones; however, it is noted 
that modern leopards also only leave a low frequency of tooth marks.  Pickering et al. 
(2004) concluded that even though leopards most likely played a role in the Swartkrans 
Member 3 assemblage, the large animal bones were more likely to be introduced by 
different carnivores who modify the bones more intensely.  Even though the goal of their 
study was to determine if leopards played a role in the formation of the assemblage, 
Pickering et al. (2004) were able to use taphonomic evidence to narrow down possible 
carnivores responsible for the assemblage. 
Researchers have also used the shape and patterns of tooth marks on different 
bone densities to differentiate carnivore accumulating agencies.  Selvaggio and Wilder 
(2001) examined tooth marks from extant hyenas, leopards, lions, cheetahs, and black-
backed jackals (Canis mesomelas) and compared them to tooth marks found in the FLK 
Zinjanthropus assemblage.  They separated the tooth marks depending on the location 
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they were found: cancellous, thinning cortical, or cortical bone.  Thinning cortical bone 
was defined as “the diaphyseal portion closest to epiphyses where the cortical surface is 
weakest” (Selvaggio and Wilder 2001:466).  Cortical bone was observed to be the most 
resistant to tooth penetrations, while cancellous bone was the least resistant.  Selvaggio 
and Wilder (2001) found a positive correlation with the location of where the pits are and 
the dimensions of pits.  Their study also showed that the thinning cortical regions 
contained the most variation in pit size. Unfortunately, with a high degree in variation in 
all three regions, they could not distinguish a specific species responsible for the gnaw 
damage.  An example of this variation can be seen with the cheetahs creating similar-
sized pits on cancellous bone that hyenas created on cortical bone.  Selvaggio and Wilder 
(2001) noted that different dentitions would leave behind different tooth mark 
morphology, especially between bone specialists (hyenas) and flesh specialists 
(cheetahs).  
 Many previous studies have focused on differentiating between species by their 
tooth marks; however, as indicated above, the data that have been collected show 
significant overlap in tooth mark dimensions (Andrés et al. 2012).  With this overlap, 
these studies have not been able to distinguish definitively between most species.  Andrés 
et al. (2012) observed that all the studies were able to separate tooth marks between large 
and small carnivores, and they wanted to see if the same observation can be made with a 
larger sample.  After their data were collected, they found that the breadth the pit might 
be a better indicator of the size of carnivore than the length.  They also noted that when 
conducting experiments, carnivores should be given carcasses that are similar to their 
25 
natural prey size.  They concluded that small and large carnivores have the potential to be 
distinguished, but multiple taphonomic approaches need to be utilized in order to create a 
complete profile of the predator.   
 
Comparing Carnivore Tooth Marks in Bone Assemblages 
 
 Previous studies have focused on studying extant species under the assumption 
that data can be compared with their ancestors (Sala and Arsuaga 2018).  Selvaggio 
(1994) examined carnivore tooth marks, butchery cut marks, and percussion marks on 
long bones in order to understand their relationship in archaeological bone assemblages.  
She examined these marks, because carnivore tooth marks and butchery tool marks can 
provide insight into the relationship of past carnivores and hominins in an assemblage 
(Selvaggio 1994).  Three groups of carnivore consumers were examined in this study.  
The first was solitary consumers which fed on carcasses with little competition and left 
their food with minimal disarticulation and skin, tendons, and flesh remaining; second 
was small groups of consumers with two to four animals with moderate competition, 
minimal disarticulation and flesh remaining on bone; third was a large group of 
consumers with nine to eleven animals with intense competition, disarticulation of limbs 
and epiphyses being heavily gnawed or completely gone (Selvaggio 1994).  Selvaggio 
(1994) found a high ratio of cut marks to carnivore marks on bones that were modified by 
solitary carnivores, and the bones modified by large groups of carnivores contained low 
ratios of cut marks to tooth marks. The study demonstrated that competition is a factor is 
the quantity of tooth marks and gnaw damage.  
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 Andrews and Fernandez Jalvo (1997) studied the Sima de los Huesos assemblage 
located in the Atapuerca cave system near Ibeas, Burgos, Spain.  This skeletal 
assemblage included hominins, cave bear (Ursus denineri), lion, Iberian lynx (Lynx 
pardina), wildcat (Felis silvestris), red fox (Vulpes vulpes) and wolf.  Within the 
assemblage, 173 bones contained evidence of carnivore damage and were documented by 
bone type, quantity, size, and area.  The total number of pits and punctures recorded were 
235, heavily skewed to a small size range.  Andrews and Fernandez Jalvo (1997) 
documented the distribution of pit size on the different elements: humeri, tibiae, and ribs 
contained pits ranging from 0.6-1.0 mm; femora, fibulae, and radii contained pits ranging 
from 1.1-1.5 mm; clavicles contained pits ranging from 1.6-2.0 mm; ulnae and sacra 
contained pits ranging from 2.1-2.5 mm; scapulae contained pits ranging from 3.6-3.0 
mm; and pelves contained pits ranging from 3.6-4.0 mm.  The results displayed a 
significant relationship between pit size and element.  Since the sizes of the pits were 
predominantly small, they hypothesized that a small- to medium-sized canid created the 
majority of the tooth marks.  In order to test their theory, Andrews and Fernandez Jalvo 
(1997) studied extant red fox (Vulpes vulpes) scavenged assemblages to observe the 
similarities.  They concluded that the Sima de los Huesos assemblage was similar to the 
extant red fox assemblages, which supports the suggestion a small to medium-sized canid 
played a major role in the bone damage; however, the authors assumed that the larger pits 
were most likely from a larger carnivore.  
 Numerous studies have focused on bone assemblages in Africa, and some in 
North America, since the goal of these studies is to understand the relationship between 
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past hominins and carnivores.  Chichkoyan et al. (2017) studied carnivore marks on 
megamammal bones from fossils originating in the Pampean region (Argentina).  They 
examined 1,976 bones from four collections, but only 28 bones contained possible 
carnivore modifications (Chichkoyan et al. 2017).  They compared their findings to 
actualistic studies done on carnivores from Africa and North America.  They were able to 
find similarities to those created by African large-sized carnivores.  They tried to 
determine the carnivore responsible for the modifications, but due to their small sample 
they were only able to conclude that multiple Pampean carnivores utilized the bone and 
produced the tooth marks  
 
Forensics and Carnivore Tooth Marks 
 Carnivore scavenging is an important taphonomic factor in forensic cases, 
because it can help in the reconstruction of events after an individual has died.  Willey 
and Snyder (1989) observed the effects that canid scavenging had on the postmortem 
interval.  They observed the feeding behaviors of captive wolves on complete deer 
carcasses to establish a disarticulation and consumption sequence, to understand the 
scavenging process, and to examine how canid scavenging effects physical 
decomposition, insect succession, and contextual information (Willey and Snyder 1989).  
They found that the wolves consumed the deer carcasses in a consistent pattern starting 
with the hindquarters then the thoracic cavity and then the ribs (Willey and Snyder 1989).  
This pattern was not observed when the carcasses contained open wounds, since the 
wolves focused their attention on that area first.  Carnivore scavenging is an important 
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factor in forensic cases, because it is a natural agent which alters the remains.  Open 
wounds, such as gunshots or knife wounds, could be obscured from carnivore scavenging 
(Willey and Snyder 1989).  The postmortem interval can be skewed due to carnivore 
scavenging, because the rate of decomposition is increased, the carcass is reduced in size 
and disarticulated due to feeding, and the rate of insect activity is increased (Willey and 
Snyder 1989).  These factors need to be taken into consideration within a forensic case.  
 Coard (2007) aimed to create a system to identify predators from partial animal 
remains that were left from large carnivore attacks.  Tooth pit data were collected in order 
to analyze the predator(s) responsible for the attack.  The study included four adult sheep 
carcasses (Carcasses 1-4) and one juvenile (Carcass 5) that were scavenged by an 
unknown predator.  Carcass 1 had a mean pit length of 2.94 mm and a mean breadth of 
1.97 mm, Carcass 2 had a mean pit length of 4.62 mm and a mean breadth of 2.52 mm, 
Carcass 3 had a mean pit length of 3.89 mm and a mean breadth of 2.46 mm, Carcass 4 
had a mean pit length of 3.86 mm and a mean breadth of 2.46 mm, and Carcass 5 had a 
mean pit length of 1.52 mm and a mean breadth of 1.00 mm (Coard 2007).  All carcasses 
contained small pits; however, Carcasses 1-4 contained larger pits that indicate that a 
medium-sized carnivore fed on the remains.  Coard (2007) acknowledged that a complete 
taphonomic analysis should be created in order to identify the carnivore.  The analysis 
should include present/absent skeletal representation, element survivorship, location and 
patterns of damage, and contextual information regarding the depositional environment 
(Coard 2007).  Carnivore taphonomy in skeletal analysis because the distance between 
individual teeth, or cusps, can be calculated and might identify a species.  Similar 
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measurements and analyses should be taken in cases involving human remains in order to 
be compared to previous studies of carnivore tooth mark taphonomy.  
 In order to obtain more information on carnivore scavenging on human remains, 
Pickering and Carlson (2004) substituted three baboon (Papio cynocephalus) carcasses 
for human remains to observe feeding habits of captive leopards.  This experiment was 
intended to demonstrate the consumption of a small-statured individual by a felid, that 
could be used in forensics cases to identify the predator and to increase the likelihood of a 
full recovery of skeletal elements (Pickering and Carlson 2004).  The experiment resulted 
in two separate assemblages: a scat assemblage (ingested bones) and refuse assemblage 
(not ingested bones).  The two assemblages showed a difference in skeletal 
representation, with the scat assemblage having a high frequency of the vertebral column, 
clavicles, and foot bones while the refuse assemblage contained the limb bones, os coxae, 
and scapulae (Pickering and Carlson 2004).  With this distinct skeletal representation, 
Pickering and Carlson (2004) noted that human forensic investigators should understand 
the importance of scat assemblages, because they include elements of identification, such 
as fingers that could still contain skin with fingerprints.  They acknowledged that even 
though this experiment only tested leopards, it should be used on all large cats due to the 
similarities in dentition and feeding behavior (Pickering and Carlson 2004).  
 
Ursid Focused Studies 
 Research on bear feeding behavior and bone modification has lagged behind the 
research of African carnivores and North American wolves.  The reason for this could be 
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due to the minimal amount of meat in their diet and being categorized as opportunistic 
eaters.  It was not until the late 1990s where the feeding behaviors of bears started to be a 
focus in biological anthropology and taphonomy.  Clevenger et al. (1992) examined the 
feeding habits of brown bears in the Cantabrian Mountains of northern Spain.  They 
subdivided the bears’ food into hard mast, soft mast, herbaceous plants, other plant 
material, undulates, small mammals, and insects to observed the ratios of each food group 
in the four seasons (Clevenger et al. 1992).  They observed that plant material was the 
principle food group throughout the whole year (44.8%), while ungulates and small 
mammals consisted of 9.7% of the bears’ total diet (Clevenger et al. 1992).  Bears were 
observed to consume the highest percentage of ungulates during the summer (13.2%) and 
consumed the lowest percentage during the winter (5.6%) (Clevenger et al. 1992).  
Clevenger et al. (1992) also observed an increase in ungulate consumption following 
severe winters, in which ungulates made up more than 80% of the bears diet.  Similarly, 
Green et al. (1997) observed grizzly bears feeding on ungulate carcasses in Yellowstone 
National Park.  They observed that there were different scavenging habits with different 
carrion masses and at different elevations.  They related that grizzly bears and black bears 
tended not to cross paths at higher elevations, and black bears stayed away from where 
grizzlies were more active (Green et al. 1997).  They also noted that many of the 
carcasses that the bears consumed were within 400 meters of a road and 5 km from 
human-occupied buildings (Green et al. 1997).  With the bears coming closer to humans, 
conflict is inevitable, creating a need for studies on bear feeding behavior and bone 
modification characteristics.  
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 Carson et al. (2000) expanded on ursid feeding behavior to include the presence 
and absence of elements.  Their findings were compared to previous studies which 
focused on the feeding behavior of wolves.  They concluded that there is a chance bear-
scavenged remains could be distinguished from other scavengers by element 
representation; however, it should not be the sole indicator. 
Saladié et al. (2011) examined the damage that captive brown bears created on 
three different carcasses (pig, sheep, and cow).  They found that the most common 
modification was crushing and furrowing the bone, while fractures were not common 
(Saladié et al. 2011).  Sala and Arsuaga (2013) were able to track brown bear 
transportation and dispersal in the Cantabrian Mountains in northern Spain through 
photo-trapping data from Fundo para la Protección de los Animales Salvajes (FAPAS) 
and found that the remains were transported up to a hundred meters before they were 
consumed.  Sala and Arsuaga (2013) also recorded the frequencies of bone modifications.  
From the carcasses in their study, only 19.4% of bones contained tooth marks, which 
were focused on the long bones, while only bones from the axial skeleton contained 
fractures.  From their findings using wild brown bears, Sala and Arsuaga (2013) 
disagreed with Saladié et al. (2011), who found that the bears created more tooth marks 
and created fractures on limb bones.  This disparity could be because one study used 
captive bears, while the other used wild bears.   
Arilla et al. (2014) studied free-ranging brown bears in the Spanish Pyrenees and 
observed their feeding behavior and bone modification patterns on ungulate carcasses.  
They compared their results to previous taphonomic data from well-studied carnivores, 
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including spotted hyenas, lions, and wolves.  They recorded tooth pits, punctures, scores, 
furrowing, crushing, crenellated edges, and classic and general peeling of cortical bone 
(Arilla et al. 2014).   Peeling of the bone was defined as portions of the cortical bone that 
have been stripped away with the anterior teeth (Arilla et al. 2014).  They noted that the 
most common damage was peeling and transverse fractures, which occurred on 
approximately 11.4% and 18.5% of the total number of identified specimens (NISP) 
(Arilla et al. 2014).   When examining the tooth marks, Arilla et al. (2014) separated their 
data by their location on either cancellous bone or thin cortical bone.  The average pit 
length and breadth for the thin cortical bone was 2.07 mm and 1.63 mm, while the 
average pit length and breadth for the cancellous bone was 3.17 mm and 2.29 mm (Arilla 
et al. 2014).  The average score breadth in thin cortical cone was 0.70 mm, and the 
average score breadth in cancellous bone was 1.22 mm.  They concluded that the 
modification created by the brown bears was similar to those created by lions. 
 
Conclusions  
 Previous research on carnivore taphonomy has focused on distinguishing 
scavenging patterns and on tooth mark morphology of African carnivores and North 
American wolves.  Little research has focused primarily on bears as a taphonomic agent, 
most likely because they do not obtain the majority of their nutrients from meat and do 
not inhabit regions that coincide with early human history, such as sub-Sahara Africa.  
However, bears are opportunistic eaters and will scavenge on a carcass if they come 
across it and therefore there needs to be more studies documenting bear gnawing patterns 
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and tooth mark morphology, and the present study addresses this lack of research by 
collecting tooth mark and gnaw pattern data from black bears and grizzly bears.    
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METHODS 
 
For the present study, eight black and grizzly bears from the Oakland Zoo 
(Oakland, California and managed by the Conservation Society of California) were fed 
proximal shafts and distal shafts of cow femora.  The bears included a six-year-old 
female black bear and her three two-year-old cubs and also four two-year old orphan 
grizzly bears (Oakland Zoo 2018).  The three black bear cubs weighed between 174-234 
pounds, the four grizzly bear cubs weighed between 220-279 pounds, and the one adult 
female black bear weighed approximately 279 pounds.  These eight bears were used for 
the present project.  
Cow femurs were used in the present study, since smaller bones were not 
permitted to be fed to the bears by the zoo veterinarians due to their potential as a 
choking hazard.  Two to three times a week, zookeepers gave the bears two to three 
partially defleshed distal or proximal femora epiphyses to gnaw on, which simulated the 
scavenged meat that is naturally in the bears’ diet.  The bones were also collected by the 
zookeepers, laid out to dry in the sun for a week and then shipped to the Boston 
University School of Medicine (BUSM) for analysis.  The bones were shipped in a sealed 
Styrofoam container within a cardboard shipping box which allowed for no odor or 
grease to escape.  Black and grizzly bear bones were shipped in different boxes to prevent 
commingling of the sample.  A total of 56 bones were gnawed on and shipped to BUSM 
and out of those, 24 were gnawed on by black bears and 32 were gnawed on by grizzly 
bears.  The black bears were given 11 proximal epiphyses and 13 distal epiphyses, while 
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the grizzly bears were given 14 proximal epiphyses, 17 distal epiphyses, and 1 cylinder (a 
bone that has a hollow marrow cavity exposed on both ends, either from gnaw damage or 
machine butchery).  The cylinder was not used in the analysis, because there was no 
evidence of gnawing on the bone.  
The bones were then cleaned of all soft tissue, soil, plant material and grease 
through the maceration.  Some common defleshing techniques include the use of harsh 
chemicals, high temperatures, or insect consumption (King and Birch 2015; Mairs et al. 
2004).  For the present study, the bones were macerated using a large crockpot, water, 
and the laundry detergent Biz®.  Mairs et al. (2004) found that maceration using 
detergent is a successful cleaning method, which is both effective and safe to clean the 
bones.  On average four bones (from the same bear) were cooked at a time.  While those 
bones were cooking, the rest were labeled using a tag with the correct bear name on it, 
and placed in a tank filled with dermestid beetles (Dermestidae), that would continue to 
eat the dried tissue while the bones were waiting to be cleaned.  Approximately 50 mL of 
Biz® was added into the water to help clean the bones.  Biz® was chosen, since the 
enzymes speed the maceration process and it removes the odor from the bones (Simonsen 
et al. 2011).  The lid was placed on top, and the temperature was set to 250° and left to 
cook for 24 hours.  
The remaining tissue was removed by hand.  Some areas of tissue could not be 
completely removed using fingers; these areas included portions of the bone that could 
not be completely submerged initially, and portions that had a large quantity of soft 
tissue, and not all the tissue could be removed at one time.  If this occurred, a scalpel was 
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first used to take the top layer off while not making contact with the bone, and then the 
bone was cooked for a second time.  This was done to avoid creating false tooth marks 
with the scalpel.  Once the bones were cleaned of all soft tissue, they were placed under a 
drying hood for 24 hours.  Each bone, once dried, was labeled with either a “B” for black 
bear or “G” for grizzly bear and was then assigned a number and then put in a brown 
paper bag which contained the same label.  The bag allowed for the bones to continue to 
dry out and attempted to help in the prevention of fruit fly breeding.  This process 
continued until all 56 bones were cleaned. 
Each bone was examined individually under a hand-held microscope which had a 
main glass of 2x magnification and a smaller glass of 6x magnification.  Both glasses 
were used in the examination.  Once a tooth mark was identified on a bone, it was 
marked with a letter (A, B, C…etc.).  Indeterminate marks were also identified and 
photographed in order to be blown up and examine using the closer magnification of the 
camera.  
Once all of the bones were examined and marked, photographs were taken of all 
the tooth marks with a Nikon (model D5500) camera, which took high definition 
pictures.  The first photographs that were taken were the overview of all sides of the 
bones.  In order to keep the photographs organized, the name of each bone was included 
in the photograph.  The second set of photographs that were taken were of the specific 
tooth marks.   
 In order to measure the tooth marks, the open source software ImageJ was used 
to create an outline of the marks and measure the area, perimeter, maximum length, and  
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Figure 3.1. Pit outlined with ImageJ. 
 
Figure 3.2. Score outlined with ImageJ. 
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Figure 3.3. Rates of scalloping. A) no scalloping, B) slight scalloping, C) scalloping. 
 
 
maximum width after calibration (Figures 3.1 and 3.2).  An outline was drawn around the 
mark and then measured to obtain the area and perimeter of the tooth mark.  To measure 
the length and the width, a line was drawn from the maximum length and then another 
line was drawn perpendicularly from the previous line.  Once all measurements were  
A 
B 
C 
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Figure 3.4. Rates of scooping. A) no scooping, B) slight scooping, C) scooping. 
 
A 
B 
C 
40 
taken, gnaw damage such as scalloping, scooping, crenellated margins, edge polish, and 
deep furrows were recorded for each bone.  The present study defines scalloping as a 
wavy pattern along sharp margins that resulted from a carnivore’s teeth crushing the 
margins (Figure 3.3).  Scooping is defined as the removal of cancellous bone from the 
use of an animal’s teeth or tongue (Figure 3.4). 
All pits, punctures, scores, and furrows were tallied in relation to epiphysis type 
and bear species.  The presence and absence of scalloping and scooping was also recorded 
and distinguished between each epiphysis type (proximal or distal) as well as bear species 
(black or grizzly bear).  The author considered scalloping and scooping to be present even 
if it was slightly formed.  The averages for each of the four measurements for each tooth 
mark type were calculated.  The averages calculated first separated the two bear species 
from each other, and then combined them. The ranges for each measurement were also 
calculated and divided by bear species in order to demonstrate the variation in tooth mark 
size. 
Multiple statistical analyses were conducted to distinguish the relationships 
between bear species and the four measurements, the epiphysis type and the four 
measurements, and the number of marks per bone and bear species.  For all of the 
statistical analyses, p-values that are lower than 0.05 are considered significant.  Two-
sample independent t-tests were calculated in Excel to calculate the relationships between 
each bear species to each individual measurement (area, perimeter, length and width).  
After the Excel t-tests were calculated, the statistical program R was used to calculate 
multi-linear models which incorporated another t-test along with mixed linear model 
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regressions.  These two models account for the within bone dependency that the Excel t-
tests analysis ignore.  The mixed linear model regressions accounted for a random effect 
of bone ID, the number assigned to the individual bones, into the analyses which allowed 
for the test to account for multiple tooth marks being present on the same bone.  From the 
multi-level models, t-test and mixed liner model p-values were calculated for bear species 
versus the individual measurements and epiphysis type versus the individual 
measurements.  An ANOVA was used to determine if the random effect (the possibility 
of having multiple marks on one bone) played a role in the formation of the tooth marks 
when testing both bear species or epiphysis type versus the measurements.  A second 
ANOVA was conducted to determine if a measurement can be predicted by the function 
of mark type, bear species, and epiphysis type.  The final statistical analysis was poisson 
regressions, also known as a log-linear model, which are used when the outcome 
variables are counts (Chesaniuk 2019).  The aim of these regressions was to distinguish 
the determining factors that played a role in the number of tooth marks that were left on 
the bones.  T-tests were used in the comparison of the present study’s black bear and 
grizzly bear measurements, the previous ursid studies compared to the present study, and 
ursid pit and score lengths and widths compared to previous research of other carnivores.  
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RESULTS 
 
Count Data 
From the 56 bones in the current sample, 54 contained distinguishable tooth 
marks that could be photographed and measured.  The two bones that did not have tooth 
marks were one cylinder from the sample given to the grizzly bears that was soil-stained, 
and sun-bleached, but had a weathering stage of 0, following Behrensmeyer (1978), and a 
proximal femur from the black bears that only contained indistinct damage on the greater 
trochanter.  From the 54 bones that contained tooth marks, a total of 442 marks were 
identified (Table 4.1 and Figure 4.1).  A complete list can be examined in the Appendix 
(Table A.1).  Black bears created 201 (45.5%) of the marks, while the grizzly bears 
created 241 (54.5%) of the marks.  Of the 442 marks, 175 (39.6%) were pits, 65 (14.7%) 
were punctures, 161 (36.4%) were scores, and 41 (9.3%) were furrows.  Black bears 
created 65 pits, 51 punctures, 67 scores, and 18 furrows, while the grizzly bears created 
110 pits, 14 punctures, 94 scores, and 23 furrows. On average, black bears created 8.4 
marks per bone, while grizzly bears created 7.5 marks per bone. 
Table 4.1. Complete count of tooth marks. 
 
 Pits Puncture Score Furrow Total 
Black Bear 65 51 67 18 201 
Grizzly Bear 110 14 94 23 241 
Total Number 175 65 161 41 442 
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Figure 4.1. Tooth mark count data for the two bear species. 
 
 
Table 4.2. Frequencies of scalloping between each bear species. 
 
  Scalloping Present 
Scalloping 
Absent Percentages 
Proximal 
Epiphysis 
Black Bear 1 9 10.0% 
Grizzly Bear 1 13 7.1% 
Total: 2 of 24 (8.3%) 
Distal 
Epiphysis 
Black Bear 4 10 28.5% 
Grizzly Bear 10 6 62.5% 
Total: 14 of 30 (46.6%) 
Total Sample with Scalloping = 16 of 54 (29.6%) 
 
The presence or absence of scalloping and scooping can be seen in Tables 4.2-4.3 
and Figures 4.2-4.3.  Scalloping occurred on 29.6% (n = 16) of the total sample of both 
proximal and distal epiphyses (Table 4.2).  When comparing between the proximal and 
distal epiphyses, scalloping occurred more frequently on the  
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Table 4.3. Frequencies of scooping between each bear species. 
  Scooping Present 
Scooping 
Absent Percentages 
Proximal 
Epiphysis 
Black Bear 6 5 54.5% 
Grizzly Bear 10 3 76.9% 
Total: 16 of 24 (66.6%) 
Distal 
Epiphysis 
Black Bear 1 12 7.7% 
Grizzly Bear 2 15 11.7% 
Total: 3 of 30 (10.0%) 
Total Sample with Scooping = 19 of 54 (35.2%) 
 
distal ends (46.6%) compared to the proximal ends (8.3%).  Scalloping was more 
frequent on bones gnawed on by grizzly bears (62.5% of the distal ends and 7.1% of the 
proximal ends) compared to those gnawed on by black bears (28.5% of the distal ends 
and 10.0% of the proximal ends).  The presence of scooping differs in frequency by bone 
type but not between the two bear species.  Scooping occurred on 35.2% (n = 19) of the 
total sample of both proximal and distal epiphyses (Table 4.3).  When distinguishing 
between proximal and distal epiphyses, scooping occurred more frequently on the 
proximal ends (66.6%) compared to the distal ends (10.0%).  Scooping was more 
frequent on bones that were gnawed on by grizzly bears (76.9% of the proximal ends and 
11.7% of the distal ends) compared to those gnawed on by black bears (54.5% of the 
proximal ends and 7.7% of the distal ends). 
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Figure 4.2. A-C) Examples of scalloping on distal epiphyses along the patellar 
surface. D) Slight scalloping on distal epiphyses along the patellar surface. 
 
  
  
 
Figure 4.3. A-C) Examples of scooping on proximal epiphyses three femora created 
by a grizzly bear. D) Scooping on the distal epiphysis created by a black bear.  
A B 
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Figure 4.4. A) Crenellated margins (arrows) and edge polish (ovals) on proximal 
epiphyses of femora created by black bears D) Crenellated margins on the distal 
epiphysis of a femur created by a black bear. 
 
 The present study also examined the presence and absence of crenellated margins 
and edge polish.  In the total examined sample, 86.8% (n= 46) of the bones contained 
crenellated margins and 69.8% (n= 37) of the sample contained edge polish (Figure 4.4).  
In the sample, 69.8% (n= 37) of the bones exhibited both crenellated margins and edge 
polish, 17.0% (n= 9) of the bones exhibited crenellated margins but no edge polish, and 
no bones exhibited edge polish but no crenellated margins.  When separating the bones 
by bear species, 79.2% of the black bear bones contained crenellated margins and 93.1%  
A B 
C D 
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Figure 4.5. Examples of deep furrows on distal epiphyses on femora created by 
grizzly bears.  
 
contained edge polish.  In contrast, 66.7% of the grizzly bear bones contained crenellated 
margins and 72.4% contained edge polish. 
 Deep furrows were present on 21 bones (37.5%), two proximal epiphyses and 19 
distal epiphyses.  Both bear species were able to create these deep furrows.  The furrows 
were located on greater trochanter of the proximal epiphysis on 2 bones, along the 
patellar surface on 11 bones, superior to the patellar surface on 11 bones, the distal 
condyles on 12 bones, and on two or more locations on 13 bones. (Figure 4.5).  Deep 
furrows were more were more common on the distal epiphysis (33.9%) than on the 
proximal epiphysis (3.6%).   
B A 
C D 
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Table 4.4. Averages of the measurements distinguishing between tooth mark type 
and bear species.  
 
  Area (mm2) 
Perimeter 
(mm) 
Length 
(mm) 
Width 
(mm) 
Pit 
Black Bear 6.89 9.32 3.41 2.08 
Grizzly Bear 8.23 10.04 3.60 2.26 
Combined 7.73 9.77 3.53 2.19 
Puncture 
Black Bear 11.28 12.31 4.30 2.80 
Grizzly Bear 24.35 17.21 5.78 3.92 
Combined 14.09 13.37 4.62 3.04 
Score 
Black Bear 21.36 33.39 15.59 1.46 
Grizzly Bear 17.42 26.01 11.82 1.48 
Combined 19.06 29.08 13.39 1.47 
Furrow 
Black Bear 49.31 33.36 13.92 3.56 
Grizzly Bear 60.23 36.66 15.43 3.17 
Combined 55.44 35.21 14.77 3.34 
 
 
 
Figure 4.6. Averages of measurements for each tooth mark between the two bear 
species. 
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 Using the four measurements (area, perimeter, length, and width), the averages 
for each tooth mark type were calculated for each bear species (Table 4.4 and Figure 4.6).  
In almost all tooth mark categories grizzly bears resulted in larger averages, most likely 
due to their larger body size.  The average pit length for grizzly bear was 3.60 mm while 
black bear average length was 3.14 mm.  Likewise, the average score width for grizzly 
bear was 1.48 mm while the average score width for black bear was 1.46 mm.  The 
largest difference between the measurements was the average puncture area where 
grizzly bear was 24.35 mm2 and black bear was 11.28 mm2.  Unlike the other averages, 
the area, perimeter, and length for score were larger for black bear than grizzly bear. 
Black bears also resulted in higher averages for the furrow widths.  
The ranges of each measurement for each tooth mark type (Table 4.5) show that each 
bear species has the ability to create both large and small marks.  However, unlike the 
data shown in Table 4.4, there is no clear pattern for which bear more frequently makes 
the smallest or largest marks.  For example, when examining the measurements for 
punctures, black bears consistently had the smallest value for each measurement, while 
grizzly bears created the largest value for each measurement.  This consistent pattern is 
not seen in the other tooth mark types.  Black bears were observed to have larger 
minimum measurement values in furrow area, perimeter, and length measurements.  All 
tooth marks and measurements between the two bear species were not statistically 
significantly different, with the exception of the area of the punctures which had a t-test 
p-value of 0.0020. 
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Table 4.5. Ranges of measurements distinguishing between tooth mark types and 
bear species.  
 
  Area (mm2) Perimeter (mm) 
Length 
(mm) 
Width 
(mm) 
Pit 
Black Bear 0.24 – 60.85 2.69 – 31.25 0.97 – 13.07 0.20 – 6.27 
Grizzly Bear 0.33 – 49.42 2.22 – 33.45 0.82 – 10.09 0.46 – 8.61  
Puncture 
Black Bear 0.95 – 59.09 3.07 – 26.26 1.33 – 10.93 0.71 – 8.14 
Grizzly Bear 1.09 – 91.18 4.29 – 35.68 1.40 – 11.08 0.97 – 9.34 
Score 
Black Bear 0.59 – 140.72 6.48 – 152.28 4.18 – 73.44 0.18 – 6.84 
Grizzly Bear 0.71 – 125.81 4.28 – 139.61 2.71 – 67.13 0.34 – 5.90 
Furrow 
Black Bear 5.81 – 124.35 12.60 – 49.54 4.95 – 21.56 0.99 – 7.13 
Grizzly Bear 5.23 – 278.41 10.56 – 80.50 4.59 – 34.14 1.18 – 8.26 
 
Statistical Analysis 
 Statistical analysis in Excel used independent two sample t-tests, which first 
examined for a relationship between the bear species versus the four measurements and 
second, the relationship between the epiphysis type (proximal or distal) versus the four 
measurements (Table 4.6).  The first analysis conducted was between bear species and 
the measurements, and resulted in no significant values.  The area had a p-value of 
0.3276, perimeter had a p-value of 0.2594, length had a p-value of 0.2249, and width had 
a p-value of 0.2417.  The second basic independent t-test that was conducted was that of 
epiphysis type and the measurements.  Two measurements resulted in significant p-
values, perimeter (0.0019) and length (0.0009).  The other two measurements did not 
have significant p-values; however, the p-value for area (0.0559) was close to being 
significant, unlike the p-value for width (0.3025). 
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Table 4.6. Statistical p-values of the Independent t-test. P-values in bold are 
statistically significant.  
 
 Area Perimeter Length Width 
Bear Species 0.3276 0.2594 0.2249 0.2417 
Epiphysis Type 0.0559 0.0019 0.0009 0.3025 
 
 The following statistical analyses were calculated using the statistical program R 
(version 3.5.0).  The first analysis in R was a multi-level analysis which incorporated 
another two-sample t-test and mixed models which allows for dependency between 
groups to be considered, unlike the Excel t-test.  The mixed models included the addition 
of the random effect.  This allowed for the regression to calculate for the potential of 
multiple tooth marks to be present on the same bone.  The two-sample t-tests and mixed 
model regressions, calculated the p-values first, between bear species versus the 
measurements and second, epiphysis type versus the measurements (Table 4.7).  The 
outcomes in the t-test for bear species in the analysis were all not statistically significant, 
area had a p-value of 0.5085, perimeter had a p-value of 0.6826, length had a p-value of 
0.5825, and width had a p-value of 0.9465.  Similarly, there were no statistically 
significant outcomes from the bear type mixed model regressions; area had a p-value of 
0.5226, perimeter had a p-value of 0.9902, length had a p-value of 0.8950, and width had 
a p-value of 0.9094.  In contrast to bear type, the t-tests for epiphysis type resulted in two 
statistically significant p-values: perimeter had a p-value of 0.0039 and length had a p-
value of 0.0018.  The measurements that did not have statistically significant p-values 
were area (0.1119) and width (0.6049).  Similarly, the mixed model regressions for  
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Table 4.7. Two Sample t-test and Mixed model run in R. P-values in bold are 
statistically significant.  
 
  Area Perimeter Length Width 
T-test 
Bear Species 0.5085 0.6826 0.5825 0.9465 
Epiphysis Type 0.1119 0.0039 0.0018 0.6049 
Mixed 
Model 
Bear Species 0.5226 0.9902 0.8950 0.9094 
Epiphysis Type 0.1358 0.0392 0.0222 0.7822 
 
epiphysis type resulted in two statistically significant p-values: perimeter (0.0392) and 
length (0.0222).  The measurements that did not have statistically significant p-values in 
the mixed model were area (0.1358) and width (0.7822).  Mixed model regressions were 
run to analyze both bear species or epiphysis type versus the measurements.  Through the 
regressions the measurements width and area resulted in low t-values which indicate the 
p-value is not statistically significant.  With the R package (lme4) that was used, p-values 
were not shown for these two measurements.  The measurements of length and perimeter 
did have significant t-values, which allowed for the first ANOVA to be run to determine 
if the random effect (the possibility of having multiple marks on one bone) played a role 
in the formation of the tooth marks.  The results of the first ANOVA for both perimeter 
(0.3917) and length (0.0221) indicate that the random effect did play some role (Table 
4.8). Another analysis conducted in R was a second ANOVA that contained more 
variables than the previous one; however, epiphysis type was taken out of the calculation 
in order to observe if it caused significantly different results.  This analysis was run to 
determine if the four measurements could be predicted from the tooth mark type, bear 
species, and epiphysis type.  The second ANOVA was calculated for the measurements  
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Table 4.8. Results for first and second ANOVA tests. P-values in bold are 
statistically significant.  
 
 Area Perimeter Length Width 
1. Bear/Epiphysis --- 0.0392 0.0221 --- 
2. Mark/Bear/ 
Measurement --- 0.0821 0.0401 --- 
 
of perimeter and length only, since they were statistically significant for the previous t-
tests and the first ANOVA.  Only length was a significant factor in the second ANOVA, 
with a p-value of 0.0401, while perimeter had a p-value of 0.0821. 
The final analysis that was run was a poisson regression using the counts (number 
of marks) per bone.  The regression was run for epiphysis type, bear species, and 
epiphysis type or bear species versus pit, puncture, score, furrow, pit/puncture, 
score/furrow, and puncture/furrow (Table 4.9).  The outcomes for epiphysis type versus 
the marks demonstrate statistically significant p-values for score/furrow (0.010) and 
puncture/furrow (0.013).  Two marks were close to being statistically significant: score 
(0.061) and furrow (0.055).  The remaining marks had no statistical significance: pit 
(0.959), puncture (0.916) and pit/puncture (0.975).  This suggests that epiphysis type is a 
determining factor for the number of score/furrow and puncture/furrow marks.  Epiphysis 
type might also play a role in the number of score and furrows due to their almost  
significant p-values.  Bear species was a statistically significant factor for the number of 
punctures (0.003) on a bone, while the remaining p-values were not statistically 
significant: pit (0.478), score (0.663), furrow (0.107), pit/puncture (0.253), score/furrow 
(0.224) and puncture/furrow (0.113).  This suggests that bear species is a differentiating 
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factor for the number of punctures on bone.  Lastly, the outcomes for epiphysis type or 
bear species versus the marks demonstrated statistically significant p-values for furrow 
(0.041) and puncture/furrow (0.012), while the remaining p-values were not statistically 
significant: pit (0.638), puncture (0.336), score (0.679), pit/puncture (0.855), and 
score/furrow (0.180).  This suggests that epiphysis type or bear species are determining 
factors for the number furrows and punctures/furrows on bone.   
 
Table 4.9. Poisson Regression p-values run in R.  P-values in bold are statistically 
significant.  
 
 Epiphysis Type Bear Species 
Epiphysis/ 
Bear  
Pit 0.959 0.478 0.638 
Puncture 0.916 0.003 0.336 
Score 0.061 0.633 0.679 
Furrow 0.055 0.107 0.041 
Pit/Puncture 0.975 0.253 0.855 
Score/Furrow 0.010 0.224 0.180 
Puncture/Furrow 0.013 0.113 0.012 
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DISCUSSION 
 
Bears have not been the focus in many carnivore taphonomic studies.  Of those 
that have an ursid focus, the brown bears from regions around Spain have been studied 
the most.  The bear populations that have been previously studied are small, isolated 
groups of an overall declining European brown bear population.  In the early 1970s, there 
was an estimated population of 17,700-18,000 bears within Europe (Curry-Lindahl 
1972); however, around the turn of the century there were only an estimated 14,000 bears 
living in Europe (Zedrosser et al. 2001).  Arilla et al. (2014) obtained their bear sample 
from the Spanish Pyrenees, which in 1997 had an estimated population of six brown 
bears; however, due to a reintroduction program the area has around 25-30 individuals 
(Zedrosser et al. 2001).  The Sala and Arsuaga (2013) bear sample was from the 
Cantabrian Mountain Range, which has an estimated population of 50-65 bears in the 
Western Cantabrian Mountains and 20 bears in the Eastern Cantabrian Mountains 
(Zedrosser et al. 2001).  The Domínguez-Rodrigo and Piqueras (2003) bear sample was 
from the natural reserve of Cabarcenos, and the Saladié et al. (2011) bear sample was 
from the Barcelona Zoo and El Hosquillo park located in la Serranía de Cuenca in las 
Majadas, Spain.  Since there are only small populations in and around northern Spain, 
previous studies cannot be certain that a complete overview of bear taphonomic 
characteristics has been observed.   
When examining the count data from the present study, it was not possible to 
distinguish between the two bear species.  On average, black bears created 8.4 marks per 
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bone, while grizzly bears created 7.5 marks per bone.  The largest difference in the count 
of tooth marks is between punctures, where black bear punctures made up 25.4% of their 
sample, while grizzly bear punctures made up 5.8% of their sample.  The second largest 
difference was between pits, where black bear pits made up 32.3% of their sample, while 
grizzly bear pits made up 45.6% of their sample.  Black bear scores made up 33.3% of 
their sample, and grizzly bear scores made up 39.0% of their sample.  The percentage of 
furrows were almost identical, with black bear furrows making up 8.9% of their sample, 
in contrast to grizzly bear furrows making up 9.5% of their sample.  Even though there 
are differences between these frequencies, they were not statistically different.  For both 
bear species, pits and scores were produced more frequently than punctures and furrows.  
In the present study, 50.1% of the furrows were observed in already exposed cancellous 
bone from prior butchering.  This exposed cancellous bone may have allowed for a 
higher frequency of furrows to be created, and most likely does not correlate to the 
frequency of furrows that would be observed with wild bears consuming non-butchered 
bones.  
 When trying to distinguish between the two bear species using the averages of 
their different tooth mark measurements, there was no statistical significance for all tooth 
marks, with the exception of the area measurement for punctures (Table 5.1).  Since both 
bear species create roughly the same size of tooth marks, the outcomes demonstrate little 
to no statistical significance; black bears have an average pit length of 3.41 mm, while 
grizzly bears have an average pit length of 3.60 mm.  Both bear species also have a large 
range for each tooth mark type and measurement; however, both species do not have a  
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Table 5.1. P-value outcomes in comparing black bear to grizzly bear tooth mark 
measurements. P-values in bold are statistically significant.  
 
 Pit Puncture Score Furrow 
Area 0.1889 0.0020 0.1269 0.2523 
Perimeter 0.2031 0.0092 0.0096 0.2329 
Length 0.2802 0.0227 0.0066 0.2237 
Width 0.1704 0.0141 0.4454 0.2399 
 
 
statistically significant difference in ranges; black bears have a pit length range of 0.97-
13.07 mm, while grizzly bears have a range of 0.82-10.09 mm.  Since all the 
measurement averages and ranges are not statistically significant, the tooth mark 
dimensions could not be used to distinguish the two bear species.  
The present study found that 29.6% of the sample contained scalloping, and 
35.2% of the sample contained scooping.  Both of these gnaw damage patterns were 
observed more frequently on bones gnawed on by grizzly bears, which is not surprising, 
since grizzly bears have a stronger bite force than black bears (Christiansen and Wroe 
2007; Wroe et al. 2005).  Even though the two bear species have different bite forces, 
they both had the ability to create scalloping and scooping.  The presence of scalloping 
was more prominent on the distal epiphyses (46.7%) than the proximal epiphyses (8.3%) 
and occurred in 29.6% of the whole sample.  This could be due to the higher abundance 
of sharper edges on the distal epiphysis, especially around the patellar surface, which 
allowed for the bears to get a better hold on the bone.  Both bear species produced a 
higher frequency of scooping in the sample than scalloping.  Unlike scalloping, scooping 
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occurred more frequently on the proximal epiphyses, primarily where the greater 
trochanter is located.  Of the proximal epiphyses, 66.6% contained scooping, while 
10.0% of the distal epiphyses had the characteristic.  Of the total sample, 35.2% of bones 
contained scooping.  The present study observed that each gnaw damage characteristic 
was found predominantly on different epiphyses and at different frequencies.  No 
assumptions could be made when examining scalloping and scooping to distinguish 
which bear species created the damage; however, both gnaw damage characteristics could 
have the potential to separate bear gnawing from other carnivores, if these characteristics 
are not seen for other carnivores (see below).    
 
Comparative Studies: Tooth Mark Patterns 
 Sala and Arsuaga (2018) noted that the data provided by ursid taphonomy 
researchers are not always consistent.  For example, some researchers will distinguish the 
mean length and width of pits, while other only provide the mean area for pits.  The 
present study aimed to compare black and grizzly bear tooth mark characteristics to what 
has already been collected (Figure 5.1 and Table 5.2). 
 Unlike the four studies outlined in Table 5.2, the present study focused on two 
different species of bear in order to see if they can be distinguished from one another 
based on gnaw characteristics or, if not, can be distinguished from other carnivore 
species.  The present study found similar measurements to that of Arilla et al. (2014); 
however, there was no significant difference (p-value of 0.1279) from the other three 
studies (Figure 5.1).  Previous studies have separated their finding between epiphyses  
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Figure 5.1. Present and previous research of pit averages. All measurements are in 
mm (Table 5.2). 
 
 
 
Table 5.2. Present and previous research of pit length and width averages. All 
measurements are in mm (Figure 5.1). 
 
Authors(s) Species Average Length (mm) 
Average Width 
(mm) 
Present Study U. arctos 3.60 2.26 U. americanus 3.41 2.08 
Arilla et al. 2014 U. arctos 3.17 2.29 
Domínguez-
Rodrigo and 
Piqueras 2003 
U. arctos 
Epiphysis – 5.24 Epiphysis – 3.73 
Diaphysis – 2.90 Diaphysis – 1.88 
Sala and Arsuaga 
2013 U. arctos 
Cancellous – 5.24 Cancellous – 3.68 
Cortical – 2.97 Cortical – 1.83 
Saladié et al. 2011 U. arctos Cancellous – 5.29 Cancellous – 3.70 Cortical – 3.04 Cortical – 2.03 
Rosell et al. 2019 U. arctos Cancellous – 3.15 Cancellous – 2.28 Thin Cortical – 2.74 Thin Cortical – 2.09 
 
0.0 1.0 2.0 3.0 4.0 5.0 6.0
Present study - Grizzly Bear
Present study - Black Bear
Arilla et al. 2014 - Brown Bear
Domínguez-Rodrigo & Piqueras 2003 (epip.)- Brown…
Domínguez-Rodrigo & Piqueras 2003 (dia.)- Brown…
Sala and Arsuaga 2013 (cancellous) - Brown Bear
Sala and Arsuaga 2013 (cortical) - Brown Bear
Saladié et al. 2013 (cancellous) - Brown Bear
Saladié et al. 2013 (cortical) - Brown Bear
Rosell et al. 2019 (cancellous) - Brown Bear
Rosell et al. 2019 (thin cort.) - Brown Bear
Pit averages across ursid studies
Average Width (mm) Average Length (mm)
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versus diaphysis (Domínguez-Rodrigo and Piqueras 2003), or cancellous versus cortical 
bone (Sala and Arsuaga 2013; Saladié et al. 2011), since the thick cortical bone of the 
diaphysis would have a higher failure point than the cancellous bone covered by a thin 
layer of cortical bone of the epiphyses, resulting in smaller and possibly fewer tooth 
marks (Figure 5.1).  Arilla et al. (2014) organized their data between tooth marks in 
cancellous bone versus tooth marks in thin cortical bone, (i.e., cancellous bone cover by a 
thin layer of cortical bone).  The four studies (Domínguez-Rodrigo and Piqueras 2003; 
Rosell et al. 2019; Sala and Arsuaga 2013; Saladié et al. 2011) that differentiated 
between the two locations on the bone resulted in statistically different (p-value of 
0.0012) sized tooth marks between the two locations.  When comparing the pit lengths 
and widths of the present study to the values from epiphyses and diaphysis, individually, 
there was no statistical difference.   
Even though some of these results had statistical significance, there are other 
factors that need to be considered.  First, different species of herbivores were given to the 
bears to modify.  Cow bones were used by the present study and by Arilla et al. (2014), 
Domínguez-Rodrigo and Piqueras (2003) and Saladié et al. (2011); equid bones were 
used by Arilla et al. (2014), Domínguez-Rodrigo and Piqueras (2003), and Sala and 
Arsuaga (2013); and sheep were used by Arilla et al. (2014) and Saladié et al. (2011).  
The difference in size, especially from a cow to a sheep, could allow for different 
modification and tooth mark sizes to be created.  A second factor is the type of remains 
that are given to the bears.  Isolated elements and anatomical segments were used in 
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Saladié et al. (2011) and the present study, while complete carcasses were used in Arilla 
et al. (2014), Domínguez-Rodrigo and Piqueras (2003), and Sala and Arsuaga (2013).   
Similar to previous studies (Table 5.2), the present study incorporated grizzly bear 
data; however, black bear data was also collected.  The pit length and widths that were 
recorded for black bears were not statistically different (p-value of 0.3221) when 
compared to the grizzly bear pit lengths and widths from previous studies (Arilla et al. 
2014; Domínguez-Rodrigo and Piqueras 2003; Sala and Arsuaga 2013; Saladié et al. 
2011).  
 Previous research on carnivore tooth mark characteristics has primarily focused 
on African carnivores as well as North American wolves, foxes, and felids (Table 5.3).  
These studies have focused on carnivores, whose main source of food is obtained by 
predation, while those that focus on scavenging, or omnivorous species, have not been 
the main focus.  Delaney-Rivera et al. (2009) focused on species that were previously 
known to gnaw on bones but had not been studied, such as raccoons, striped skunk, and 
lynx.  Even though previous studies (Table 5.3) have collected data from similar species, 
they resulted in different tooth mark means and ranges (Table 5.3) due to the wide 
variation of factors, such as carnivore dentition, feeding behaviors, and size of prey.  For 
example, the mean pit lengths and widths for spotted hyenas have ranged from the results 
of Andrés et al. (2012), who calculated a mean pit length and width of 5.40 mm and 2.90 
mm, to Pobiner (2007), who calculated a mean pit length and width of 5.78 mm and 4.50 
mm respectively, and Domínguez-Rodrigo and Piqueras (2003), who calculated a mean 
pit length and width of7.37 mm and 5.32 mm respectively.  This wide range creates  
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Table 5.3. Dimensions for pits from present and previous research. Measurements 
are from the epiphyses. All measurements are in mm ( * = 95% CI). 
 
Species Mean Length 
Length 
Range 
Mean 
Width 
Width 
Range Author(s) 
 Ursus 
americanus 3.41 
0.97-
13.07 2.08 
0.20- 
6.27 Present Study 
U. arctos 3.60 0.82-10.09 2.26 
0.46- 
8.61 Present Study 
U. arctos 3.17 1.95-7.87 2.29 1.28-6.08 Arilla et al. 2014 
U. arctos 5.24 1.43-13.99* 3.73 
0.50-
9.97* 
Domínguez-Rodrigo 
and Piqueras 2003 
U. arctos 5.24 2.36-10.13 3.68 1.79-5.85 Sala and Arsuaga 2013 
U. arctos 5.29 0.84-9.86 3.70 0.48-7.38 Saladié et al. 2011 
U. arctos 3.15 1.19-7.87 2.28 1.04-6.08 Rosell et al. 2019 
Crocuta 
crocuta 5.40 
0.30-
25.60 2.90 
0.11-
14.00 Andrés et al. 2012 
C. crocuta 7.37 2.80-20.80* 5.32 
2.00-
11.00* 
Domínguez-Rodrigo 
and Piqueras 2003 
C. crocuta 5.78 1.63-8.79 4.50 0.72-6.08 Pobiner 2007 
Canis lupus 3.16 1.04-9.95 2.70 0.83-7.41 Andrés et al. 2012 
C. latrans 2.76 1.25-5.19 1.86 0.74-3.51 Delaney-Rivera et al. 2009 
C. familiaris 2.40 1.03-9.88 1.90 0.75-7.94 Andrés et al. 2012 
C. familiaris 4.93 1.43-13.99* 3.34 
1.37-
7.93* 
Domínguez-Rodrigo 
and Piqueras 2003 
C. 
mesomelas 3.50 
2.80-
4.20* 3.55 
1.55-
5.55* 
Domínguez-Rodrigo 
and Piqueras 2003 
C. 
mesomelas 3.26 1.87-5.85 2.02 1.24-3.25 Pobiner 2007 
Vulpes 
vulpes 2.56 0.99-9.07 1.88 0.80-5.26 Andrés et al. 2012 
V. vulpes 1.73 0.66-2.91 1.24 0.47-1.80 Delaney-Rivera et al. 2009 
Papio spp. 1.76 1.01-9.90 1.66 1.01-5.55 Andrés et al. 2012 
Papio spp. 4.60 0.23-9.90* 3.55 
1.55-
5.55* 
Domínguez-Rodrigo 
and Piqueras 2003 
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Table 5.3. Continued. 
 
 
difficulties when trying to create an overview of a certain species’ taphonomic profile 
and when trying to distinguish between species.  Some of these studies (Delaney-Rivera 
et al. 2009; Domínguez-Rodrigo and Piqueras 2003; Pobiner 2007) have stated that the 
exact species cannot be identified from the tooth mark characteristics, but it is possible to 
distinguish between a species body size.  For example, larger species, such as lions, have 
the ability to create large tooth marks as well as small marks; however, small species, 
such as foxes, cannot make large marks.  When comparing this assumption to the present  
Species Mean Length 
Length 
Range 
Mean 
Width 
Width 
Range Author(s) 
Panthera leo 6.17 0.98-23.30 4.05 
0.74-
15.00 Andrés et al. 2012 
P. leo 4.94 2.93-7.55 3.95 1.89-6.32 
Delaney-Rivera et al. 
2009 
P. leo 6.50 4.50-8.00* 4.32 
3.00-
5.60* 
Domínguez-Rodrigo 
and Piqueras 2003 
P. leo 4.90 1.01-20.88 3.43 
0.70-
10.62 Pobiner 2007 
P. pardus 2.59 2.31-2.87* 1.98 
1.77-
2.19* Pickering et al. 2004 
P. pardus 3.51 1.61-5.89 2.54 1.08-4.58 Pobiner 2007 
Felis concolor 3.77 1.12-5.96 2.73 0.93-4.93 
Delaney-Rivera et al. 
2009 
Lynx rufus 2.36 0.82-5.72 1.64 0.54-4.59 
Delaney-Rivera et al. 
2009 
Alligator 
mississippiensis 1.72 1.05-2.72 1.24 
0.61-
1.95 
Delaney-Rivera et al. 
2009 
Acinonyx 
jubatus 2.85
 1.57-4.92 2.15 1.01-3.30 Pobiner 2007 
Mephitis 
mephitis 0.95 0.35-1.67 0.63 
0.29-
1.01 
Delaney-Rivera et al. 
2009 
Procyon lotor 1.96 1.26-2.85 1.53 0.84-2.26 
Delaney-Rivera et al. 
2009 
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Table 5.4. P-value outcomes from the comparison of average pit length + width from 
the two bear species to the other carnivores. P-values in bold are statistically 
significant.  
 
 Both bear 
species 
Black bears Grizzly bear 
All carnivores 0.2011 0.3541 0.1454 
Hyena 0.0053 0.0372 0.0111 
Wolf 0.2306 0.4086 0.1885 
Coyote  0.0751 0.3211 0.0600 
Dog 0.2769 0.3657 0.2218 
Jackal  0.2258 0.3219 0.1704 
Fox 0.0048 0.0984 0.0036 
Baboon 0.1724 0.4520 0.1365 
Lion 0.0086 0.0209 0.0184 
Leopard 0.0740 0.4463 0.0527 
Mountain Lion 0.3655 0.3052 0.3099 
Lynx 0.0379 0.2142 0.0305 
Alligator 0.0109 0.1077 0.0092 
Cheetah 0.1085 0.3877 0.0867 
Skunk 0.0019 0.0519 0.0018 
Raccoon 0.0206 0.1444 0.0168 
Hyena/lion 0.0015 0.0147 0.0046 
Wolf/dog 0.0889 0.4323 0.0598 
 
 
data, since both black bear and grizzly bears have a large body mass, it likely that they 
have the ability to create large marks similar to that of lions and hyenas.  Using t-tests to 
compare the combination of average pit length and width of both bear species to all 
carnivores presented in Table 5.3, there was statistical difference between both bear 
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species to previous data from fox (p-value of 0.0048), skunk (p-value of 0.0019), and the 
combination of hyena and lion (p-value of 0.0015) (Table 5.4). There was also statistical 
significance when comparing grizzly bear pit length and width data to fox (p-value of 
0.0036), skunk (p-value of 0.0018), and the combination of hyena and lion (p-value of 
0.0046) (Table 5.4).  When testing the other carnivore species in Table 5.3, there was no 
statistical difference in the combined pit length and width (Table 5.4). This indicated that 
there is a potential to distinguish between bear pits from those created from foxes, skunks 
or hyenas and lions, but bear pits cannot be distinguished between any other carnivore.  
This would be a problem if multiple carnivores have gnawed on the bones, since bear 
tooth mark pits would be indistinguishable from other carnivores.  
When examining the maximum measurements for pit length and width, it is 
important to note that these large-bodied carnivores have the ability to create larger pits 
as well as smaller pits.  These large pit lengths (>20 mm) (Andrés et al. 2012; 
Domínguez-Rodrigo and Piqueras 2003; Pobiner 2007) were not observed in the present 
study for either of the bear species.  One explanation for this is because of their 
craniodental morphology includes brachydont crown height and bunodont cusp shape, 
similar to human teeth and other taxon with an omnivorous diet.  Carnivorous species 
tend to have a craniodental morphology which includes mesodont crown height and 
secodont cusp shape.  This difference in morphology between ursids and other carnivores 
could be responsible for the difference in pit size between ursids and the previously 
studied carnivores.  When examining Table 5.4, there were statistical differences when 
compared to pits from foxes (p-value of 0.0048), skunks (p-value of 0.0019), and the 
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combination of hyenas and lions (p-value of 0.0015), but no statistical difference with 
other carnivores.  This suggests that body size, instead of craniodental morphology, 
might play more of a role in the size of pits since foxes and skunks are smaller than bears 
and lions are larger.  Hyenas are an exception in this body size theory since they have a 
smaller body mass than bears; however, they have specialized dentition which have 
evolved to crack and crush bone (Van Valkenburgh 1996).  
 Similar to pits, scores follow the same general pattern when comparing both bear 
species’ average widths to previous research.  Only the width of the score was examined, 
because there is a more positive correlation with the morphology of the carnivore’s 
dentition to the width of the score than the length of the score.  When only examining 
scores from bear-focused studies (Table 5.5), the present study was not statistically 
different (p-value of 0.3163) in average score width compared to Arilla et al. (2014) 
Domínguez-Rodrigo and Piqueras (2003), Sala and Arsuaga (2013), and Saladié et al. 
(2011).  When comparing the average score widths of the two bear species to the 
carnivores listed in Table 5.5, there is no statistical significance between the average 
width measurements of all the carnivores (p-value of 0.3171), hyenas/lions (p-value of 
0.1309), wolf/dog (p-value of 0.3301), and leopard/mountain lion (p-value of 0.4316).  
Similarly, there is no statistical significance when examining the maximum score widths 
and comparing the two bear species to all the carnivores (p-value of 0.4353), hyenas/lions 
(p-value of 0.1066), wolf/dog (p-value of 0.1873), and leopard/mountain lion (p-value of 
0.3252) measurements.  Since there is no statistical significance when examining the  
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Table 5.5. Dimensions for scores from present and previous research. 
Measurements are from the epiphyses. All measurements are in mm ( * = 95% CI). 
 
Species Mean Width 
Width 
Range Author(s) 
 Ursus americanus 1.46 0.18-6.84 Present Study 
U. arctos 1.48 0.34-5.90 Present Study 
U. arctos 1.22 0.47-2.99 Arilla et al. 2014 
U. arctos 2.19 1.06-3.67* Domínguez-Rodrigo and Piqueras 2003 
U. arctos 2.14 1.06-4.70 Sala and Arsuaga 2013 
U. arctos 1.19 0.06-3.42 Saladié et al. 2011 
U. arctos 1.22 0.47-2.99 Rosell et al. 2019 
Crocuta crocuta 0.66 0.11-9.00 Andrés et al. 2012 
C. crocuta 4.59 1.40-9.00* Domínguez-Rodrigo and Piqueras 2003 
C. crocuta 1.07 0.25-1.55 Pobiner 2007 
Canis lupus 2.92 1.00-7.91 Andrés et al. 2012 
C. familiaris 0.81 0.14-4.58 Andrés et al. 2012 
C. familiaris 1.77 0.58-4.58* Domínguez-Rodrigo and Piqueras 2003 
Vulpes vulpes 0.65 0.32-1.23 Andrés et al. 2012 
Papio spp. 0.67 0.18-4.00 Andrés et al. 2012 
Papio spp. 3.50 3.00-4.00* Domínguez-Rodrigo and Piqueras 2003 
Panthera leo 2.70 0.50-18.8 Andrés et al. 2012 
P. leo 4.95 4.00-6.00* Domínguez-Rodrigo and Piqueras 2003 
P. leo 1.31 0.26-3.54 Pobiner 2007 
P. pardus 1.12 0.45-2.14 Pobiner 2007 
Felis concolor 2.26 0.79-5.69 Delaney-Rivera et al. 2009 
Lynx rufus 0.90 0.76-1.03 Delaney-Rivera et al. 2009 
Acinonyx jubatus 1.41 0.59-2.00 Pobiner 2007 
Mephitis mephitis 0.62 0.53-0.70 Delaney-Rivera et al. 2009 
Procyon lotor 2.15 2.05-2.25 Delaney-Rivera et al. 2009 
 
average score width and maximum score width, it would be impossible to distinguish 
between ursid scores versus the other carnivore scores. 
 There are multiple factors that could contribute to the differences in tooth mark 
measurements.  One of these factors is whether or not wild animals were used for the 
study. Haynes (1982) defined the term “kennel pattern”, which is when animals in 
captivity excessively gnaw on bones out of boredom.  This pattern has not been found in 
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the wild (Gidna et al. 2013).  The present study’s use of captive bears, instead of wild 
bears, could cause for more intense tooth marks and gnaw damage than what would be 
seen in the wild.  Gidna et al. (2013) observed a similar pattern while examining the 
different bone modifications made from captive lions versus wild lions.  They found that 
the captive lions caused more damage to the bones than those in the wild.  Unlike wild 
bears, the bears used in the present study most likely exhibited the common behavior of 
“boredom chewing” (Gidna et al. 2013), which could cause similar results to that 
observed by Gidna et al. (2013).  Because of this, the tooth marks and gnaw damage 
created by the black and grizzly bears in this study might not accurately represent what 
wild bears would do.  A second factor is that throughout the studies, the carnivores were 
given different species to consume.  In the present study, cow femurs were administered 
the both bear species, while other studies used goat and cow (Delaney-Rivera et al. 
2009); sheep, pig, and cow (Saladié et al. 2011); or carcasses consumed by wild 
carnivores (Pobiner 2007).  With this wide range of species, the size class of carnivore 
and prey need to be similar to what would be found in the wild in order to get accurate 
tooth mark data for comparison.  Larger-bodied species, such as lions, would most likely 
be able to destroy or severely damage the remains of a goat or deer, which would not 
provide accurate data for their actual tooth mark or gnaw damage pattern.  A third factor 
is that all studies do not use the same skeletal element in their analysis.  Some analyses 
(Dominguez-Rodrigo and Piqueras 2003; Pickering and Carlson 2004; Pobiner 2007, 
Sala and Arsuaga 2013) used complete carcasses, while others used isolated elements or 
anatomical segments (Burke 2013; Saladié et al. 2011; present study).  This difference 
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could alter the rate of tooth mark frequency or the type of gnaw damage pattern.  Some 
elements from the whole carcass could contain more tooth marks or damage, but the 
studies that utilize a few or single elements would not be able to observe that data.  The 
difference in skeletal element utilized could lead to an incomplete tooth mark and gnaw 
damage pattern.  
 From the present study, the two bear species could not be statistically 
distinguished from each other, and their pits can only be statistically distinguished from 
foxes, skunks, and the combination of hyenas and lions.  Both bear species created gnaw 
damage patterns such as scalloping, scooping, and deep furrows on both proximal and 
distal epiphyses.  These gnaw patterns could distinguish ursid scavenging from other 
carnivores if they have not been observed in other carnivores (see below). 
 
Comparative Studies: Gnaw Damage Patterns  
 Common trends that have been observed in multiple studies can be combined to 
create a gnaw damage profile which could help in the identification of the carnivore.  
Some of these trends have been observed by Burke (2013) and Haynes (1983a) when 
they observed bones that have been gnawed on by bears missing the greater trochanter 
from the proximal end of cow femora.  Even though the present study did not observe the 
feeding behavior of the bears, there was considerable gnaw damage consistent with 
crenellated margins and edge polish on the majority of the proximal and distal ends of the 
femora.  Along with the crenellated margin and edge polish, more than half of the total 
proximal ends (66.6%) had evidence of scooping at the location of the greater trochanter.  
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This characteristic could be produced with licking or with the use of the bears’ cheek 
teeth.  Scooping was also noted in 6.1% of Sala and Arsuaga’s (2013) sample and in 
9.9% of Saladié et al.’s (2011) sample.  Other previous research that mentioned the 
presence of scooping in their bear sample was Haynes (1981, 1983a) and Burke (2013).  
This gnaw damage characteristics has also been observed on bones that have been altered 
by other carnivores, such as hyenas (Cruz-Uribe 1991; Haynes 1981, 1983a), wolves 
(Burke 2013; Fosse et al. 2012; Haynes 1981) and lions (Haynes 1981).  The present 
study examined scooping on 35.2% of the total sample, compared to Saladié et al. (2011) 
who observed scooping on 9.9% of the total sample and Sala and Arsuaga (2013) who 
observed scooping on 6.1% of the total sample.  When examining remains modified by 
wolves, Fosse et al. (2012) observed scooping present on 6.1% of the bison remains and 
22.2% of the deer remains.  The present study resulted in a higher percentage of scooping 
in the sample, which could be due to the use of captive bears instead of wild animals 
which were used in the compared studies.  
 Haynes (1983a) and Burke (2013) mentioned the bears’ use of cheek teeth when 
gnawing on a bone, which not only could account for the scooping effect but also the 
scalloping effect which is present on 29.6% of present study’s entire sample and on 
46.7% of the distal ends.  Haynes (1983a) stated that the cheek teeth would leave 
distinctive furrows within the already exposed cancellous bone, which is also present in 
the present study.  However, he did not mention the presence of scalloping around the 
patellar surface of the distal femur.  Of the previous studies that have focused on bears, 
only Carson et al. (2000) noted the scalloping along the epiphyseal margins of the long 
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bones.  Haynes (1980) and Milner and Smith (1989) briefly mentioned scalloping on the 
edges of bones created by wolves or dogs; however, they did not describe at what 
frequency that scalloping occurred or the location of it.  Without that information, it can 
be said that wolves and dogs have the ability of create scalloping, but it is unclear if it is 
similar to the scalloping created by bears or if it is a distinguishing characteristic of bear 
gnaw damage.   
 Some previous bear studies (Burke 2013; Sala and Arsuaga 2013; Saladié et al. 
2011) have stated that furrows were a common tooth mark that was associated with bear 
gnawing.  Burke (2013) concluded that, generally, bears leave disorganized furrows 
especially around the proximal end of long bones.  Sala and Arsuaga (2013) noted that 
furrows were very common on the exposed cancellous bone, and Saladié et al. (2011) 
stated that furrowing occurred on 14% of their recovered sample.  The present study 
resulted in a total of 41 furrows, of which 56.1% (n=23) were present within cancellous 
bone previously exposed from butchering.  The furrows within the cancellous bone had 
an approximate average length and width of 30.80 mm and 8.30 mm, respectively.  An 
accurate measurement of the furrows was not always possible, because some of the 
furrows did not have a complete circumference.  The furrows within the cancellous bone 
were most likely created by the bears’ cheek teeth, since the majority of them are along a 
sharp edge (like the patellar surface) which would allow for them to use more jaw force 
while creating the tooth marks.  Even though some of the previous studies (Carson et al. 
2000; Sala and Arsuaga 2013; Saladié et al. 2011) mentioned bears’ ability to fracture 
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bones, it was not seen in the long bones of those studies, and similarly, no fracturing was 
observed in the present study.  
 Carnivore scavenging can be characterized by the presence of crenellated margins 
and edge polish.  The present study observed crenellated margins in 86.8% of the entire 
sample and edge polish in 69.8% of the entire sample.  This frequency is higher than 
what has been observed in previous research.  Sala and Arsuaga (2013) observed 
crenellated margins within their samples ranging between 41.4-63.9% of the total 
remains.  Arilla et al. (2014), Chichkoyan et al. (2017), and Saladié et al. (2011) 
observed lower frequencies of crenellated margins within their samples: 4.3%, 16.0%, 
and 7.4% respectively.  This large difference between the previous studies and the 
present studies could be due to the use of captive animals in the present study instead of 
wild animals.  A similar pattern was observed when comparing the percentage of edge 
polish.  The present study observed edge polish in 69.8% of the entire sample, while 
Pokines and Kerbis Peterhans (2007) observed edge polish in 13.8% of their sample.  
Like crenellated margins, the higher percentage of edge polish in the present study could 
be due to the boredom of the captive bears while Pokines and Kerbis Peterhans (2007) 
examined bone assemblages created by wild spotted hyenas and they examined all 
skeletal elements, not just long bones.  
 Overall, the tooth marks that were produced by the two bear species for the 
present study were not statistically different between the two bear species, previous ursid 
studies, and most of previously researched carnivores.  The present study did observe a 
statistical significance when comparing ursid pit length and width to pit data from fox, 
73 
skunk, and the combination of hyena and lion, which could indicate that there is a 
potential to distinguish the smaller-bodied carnivores and larger-bodied carnivores from 
ursids.  Hyenas could also have the potential to be distinguished because their 
specialized, robust premolars could create large pits.  However, without the knowledge of 
what carnivores fed on the bones, the two bear species tooth marks would not be able to 
be distinguished from other carnivores’ tooth marks.  Both bear species were able to 
create scalloping, scooping, and deep furrows in this present study, which are 
characteristics observed by Carson et al. (2000), Haynes (1983a), Sala and Arsuaga 
(2013), and Saladié et al. (2011).  Similar to the tooth mark comparison, scooping and 
deep furrows are characteristics that have also been observed from other carnivores 
(Burke 2013; Fosse et al. 2012; Haynes 1981, 1983a), which make it difficult to identity 
the carnivore that modified the remains.  Unlike scooping and furrows, previous research 
examining the presence of scalloping is minimal with Hynes (1980) and Milner and 
Smith (1989) noting scalloping on remains altered by wolves or dogs, and Carson et al. 
(2000) noting scalloping on remains altered by black bears.  All previous studies (Carson 
et al. 2000; Haynes 1980; Milner and Smith 1989) did not provide numerical data which 
would allow for comparison with the present study.  When examining remains that have 
been scavenged on by a carnivore, characteristics such as a higher frequency of pits and 
scores on both epiphyses, crenellated margins, edge polish, scooping on the proximal 
end, scalloping on the distal end, and compact furrow in rows in cancellous bone on both 
the proximal and distal epiphysis could indicate that a bear had scavenged the remains.  
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However, since all types of gnaw damage can be created by other carnivores, the rate of 
each gnaw damage type need to be studied more.   
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CONCLUSIONS 
 
 The present study hypothesized that the two bear species, black and grizzly, 
would be able to be distinguished from their tooth marks and other gnaw damage.  It was 
also hypothesized that bear tooth marks would be able to be distinguished from other 
previously studied carnivores due to their different craniodental morphology.  
  Differences between the two bear species were not statistically different to each 
other when comparing pit lengths and widths or score widths.  When examining the gnaw 
damage created by both species, grizzly bears exhibited significantly higher rates of 
scalloping compared to black bears; however, the two bear species were not statistically 
different when comparing the rate of scooping or deep furrows.  When comparing the 
two bear species tooth mark characteristics to previously studied carnivores, there was 
statistical significance between ursid pit length and width and pit data of fox, skunk, and 
the combination of hyena and lion.  In the present study and previous ursid studies (Arilla 
et al. 2014; Domínguez-Rodrigo and Piqueras 2003; Rosell et al. 2019; Sala and Arsuaga 
2013; Saladié et al. 2011), both bear species did not create large tooth pits (>20 mm) that 
lions and hyenas have been observed to make.  Ursid pit length and widths were only 
able to be distinguished from pits of foxes, skunks, and the combination of hyenas and 
lions.  The characteristics and frequency of scalloping, scooping, and deep furrows are 
potential factors that could help identify ursid scavenging.  
 The present study revealed that both bear species did create the same general 
damage pattern, but in different frequencies.  Scalloping was present in 29.6% of the total 
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sample, scooping was present in 35.2% of the total sample, and deep furrows were 
present in 37.5% of the total sample.  The present study found that grizzly bears created a 
higher percentage of bones with scalloping, scooping, and deep furrows than black bears.  
Since both bear species have the ability to create these three gnaw damage patterns, it is 
not useful to use these characteristics in distinguishing between the two species.  
Scooping and deep furrows have been observed in previous studies from other 
carnivores; however, there has been a lack of research on the presence of scalloping.  The 
combination of scalloping, scooping and deep furrows could indicate the presence of 
ursid scavenging.  
 Identifying potential tooth mark and gnaw damage patterns of ursid will help in 
forensic investigations that involve carnivore scavenging.  Even though bears do not 
typically have a higher percentage of meat in their diet, they are considered opportunistic 
eaters and will scavenge on remains.  As bears repopulate into human territory, there will 
be more human and bear encounters, which could result in bears feeding on human 
remains.  
  
Limitations and Future Studies 
European brown bear populations, as well as the grizzly bear, black bear, and 
polar bear (Ursus maritimus) populations in North American need to be incorporated in 
future research in order to have a more complete understanding of their individual 
scavenging patterns.  Different subspecies in North America (i.e., U. arctos horribilis or 
U. a. middendorffi) could have different taphonomic characteristics than the ursids 
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studied.  For example, this study focuses on the North American grizzly bear (U. arctos 
horribilis), which has an average mass of 389 pounds (Pasitschniak-Arts 1993).  
However, the present study did not analyze how the difference in weight could alter tooth 
mark measurements and gnaw damage.  A second North American brown bear 
subspecies is the Kodiak bear (U. a. middendorffi), which has an average mass for males 
around 690 pounds, but can be as large as 1000 pounds (Schwartz et al. 2003).  This 
difference in mass could result in a higher frequency in tooth marks or gnaw damage.  
Future studies should include different subspecies in their research and, also, how an 
animal’s weight correlates with the size of its tooth marks or gnaw damage.  
The present study collected data from bones that were gnawed on by captive bears 
from the Oakland Zoo.  One potential limitation of the present study was the use of 
captive bears instead of semi-wild or wild bears.  Gidna et al. (2013) observed significant 
differences in the bone modifications from captive lions versus wild lions.  They 
observed that the captive lions created more bone damage than the wild lions.  This is 
most likely due to the common behavior of captive animals to continuously gnaw on 
bone because of boredom, which affects the quantity of tooth marks and the intensity of 
gnaw damage (Gidna et al. 2013; Haynes 1982).  In order to control for this behavior, 
future studies should not use captive animals, if possible.  A second limitation with the 
present study was the inability to observed the two bear species feeding on the remains, 
or establishing a set time that the bears had with the bones.  Feedings were scheduled for 
every two to three days by the Oakland Zoo, and the bones were recovered before new 
bones were given.  Future studies should focus on adult wild bears, since excessive 
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gnawing has not been recorded in the wild.  Third, even though the three black bear cubs 
weighed between 174-234 pounds and the four grizzly bear cubs ranged from 220-279 
pounds, they are still not considered fully adult and they do not have their complete adult 
dentition.  With one adult black bear female weighing around 279 pounds, the lack of 
mature males in the present study was a limitation.  Mature adult bears have the potential 
to create different size tooth marks and gnaw damage than older juveniles.  Fourth, the 
use of only proximal and distal epiphyses of a femur was a limitation of the present 
study, because a complete gnaw damage pattern for a femur could not be established.  
The bears could have created different modification if they had the whole element instead 
of half.  Also, wild bears would most likely encounter complete elements instead of ones 
that have been butchered, not just on the diaphysis, but also sometimes on the distal 
condyles.  These butchery marks played a role in what tooth marks and gnaw damage 
alterations were present.  
Future studies should focus on feeding the bears complete or partially complete 
carcasses instead of individual elements.  Research using complete carcasses could 
produce a more complete picture of their feeding habits and distinguish a ursid-specific 
scavenging sequence, similar to that of Haglund et al.’s (1989) consumption sequence.  
The present study was limited to only using proximal and distal femoral epiphyses from 
cow, since the zoo veterinarian would not allow for smaller bones, which could fracture 
and could cause injury when swallowed.  Smaller species such as deer should be used in 
future studies, since it is more similar to the size of human remains.  Whole carcasses or 
partial carcasses would allow for researchers to focus on what portions of the remains are 
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consumed first, what elements are disarticulated first, and when the bears start to 
consume the bones.  With an established sequence and specific ursid-related gnaw 
damage characteristics, researchers could be able to distinguish that it was a bear that 
modified the remains.  
Future studies should also take into consideration what skeletal elements are 
being compared.  Long bones may have different alterations than flat bones, in part since 
carnivores tend to focus on the bones with the majority of the meat on them.  Studies 
should examine if similar characteristics are found on both flat and long bones or if there 
are two distinct patterns.  Also, studies should examine if the tooth marks and gnaw 
damage present from a complete carcass are statistically significant from tooth marks and 
gnaw damage found on an isolated element.  
 Even with the limitations of the present study, the two bear species were able to 
be distinguished by the presence of scalloping on the bones.  Unfortunately, there was no 
statistical significance when comparing their tooth mark measurements and rate of 
scooping and deep furrows.  Similarly, the pit lengths and widths of the ursids were 
statistically different when compared to fox, skunk, and the combination of hyena and 
lion.  Because of the little significance, tooth mark measurements alone cannot identify 
what carnivore modified the bones.  The presence of scooping and deep furrows were 
also observed in remains modified by ursids and other carnivores, so they are not 
distinguishing gnaw damage characteristics.  Scalloping was observed in previous studies 
involving wolves and dogs (Haynes 1980; Milner and Smith 1989) as well as a previous 
ursid study (Carson et al. 2000).  More research needs to be conducted to identify if 
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scalloping is a distinguish characteristics to ursid scavenging.  A potential pattern for 
ursids includes pits with an average length of 3.53 mm and width of 2.19 mm, an average 
score width of 1.47 mm, scalloping on the distal epiphysis of the femur especially on the 
patellar surface, scooping on the proximal epiphysis of the femur especially on the 
greater trochanter, and deep furrows primarily on the distal epiphysis of the femur along 
the patellar region and condyles.  
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APPENDIX 
Table A.1. Complete data sheet of tooth marks and their measurements.  
Number 
Prox./ 
Distal 
Mark 
Number 
Type of 
Mark 
Cancellous 
Bone? Area Perimeter Length Width Butchered? Scalloping Scooping 
1 Distal               Yes - condyles No No 
    1 Pit   2.761 6.025 1.831 1.721       
    2 Score   3.951 14.443 6.752 0.697       
    3 Pit   4.249 8.894 3.697 1.513       
    4 Furrow Yes 41.87 40.4 18.856 2.935       
    5 Furrow Yes 39.631 34.335 14.889 3.200       
2 Distal               Indeterminate Slight  Yes 
    1 Score   27.138 65.967 32.082 1.319       
    2 Score   16.241 43.855 20.907 1.472       
    3 Puncture   9.797 11.731 3.887 3.656       
    4 Score   9.41 36.877 17.829 0.832       
    5 Score   7.226 21.045 9.688 0.893       
    6 Score   13.326 29.68 13.816 0.924       
    7 Score   24.416 38.27 18.384 1.801       
    8 Score   15.314 56.354 27.971 0.69       
    9 Pit   3.831 8.091 3.247 1.464       
    10 Score   24.241 45.547 21.755 1.267       
    11 Score   10.996 21.239 10.265 1.633       
    12 Score   3.961 24.429 11.943 0.489       
    13 Puncture   28.628 19.746 6.629 5.907       
    14 Score   11.742 31.928 15.533 0.945       
    15 Score   8.4 30.464 14.995 0.766       
    16 Score   8.536 40.564 19.646 0.75       
   17 Score  7.784 37.361 18.261 0.526    
    18 Score   10.853 30.758 14.914 1.049       
3 Proximal               Yes - head No No 
    1 Score   18.597 57.196 27.54 1.022       
    2 Score   24.856 37.409 17.725 1.631       
    3 Score   3.036 11.258 5.237 1.005       
    4 Score   67.639 48.35 19.533 3.779       
    5 Score   17.425 36.544 17.817 1.317       
    6 Puncture   59.087 34.042 10.928 8.413      
    7 Furrow Yes 16.944 21.461 9.59 1.979       
4 Proximal               Yes - head No No 
    1 Pit   6.358 9.704 3.806 2.094       
    2 Puncture   10.371 12.472 4.504 3.029       
    3 Pit   5.717 9.435 3.037 2.278       
    4 Puncture   16.875 18.872 7.606 3.411       
    5 Score   6.42 15.546 7.275 1.038       
    6 Puncture Yes 25.602 18.471 6.37 5.316       
    7 Puncture Yes 9.614 11.148 3.69 3.511       
    8 Puncture Yes 19.82 16.603 6.156 4.655       
    9 Furrow Yes 100.49 43.466 17.745 6.486       
5 Distal               Yes - condyles No No 
    1 Score   7.936 25.921 12.262 1.043       
    2 Pit   1.138 4.266 1.412 1.047       
    3 Score   13.623 19.619 8.72 1.789       
    4 Pit   5.321 8.545 2.993 2.217       
    5 Puncture   13 13.005 4.244 3.698       
    6 Pit Yes - half 8.39 11.155 3.904 3.386       
    7 Pit   3.38 7.062 2.46 1.318       
    8 Pit   3.854 7.339 2.501 2.02       
    9 Pit   3.363 6.779 2.292 1.752       
    10 Puncture   25.437 19.546 6.447 5.856       
    11 Puncture   6.181 9.431 3.434 2.1      
    12 Puncture   1.834 5.94 1.857 0.714       
6 Distal               Yes - condyles Yes  No 
    1 Pit   7.47 10.544 3.701 2.801       
    2 Pit   14.385 14.011 5.02 3.469       
    3 Score   105.934 152.276 73.444 0.758       
    4 Puncture   8.506 13.982 5.858 2.347       
    5 Puncture   17.28 16.644 6.236 3.582       
    6 Puncture   3.38 7.211 2.783 1.439       
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Table A.1. Complete data sheet of tooth marks and their measurements. 
Number 
Prox./ 
Distal 
Mark 
Number 
Type of 
Mark 
Cancellous 
Bone? Area Perimeter Length Width Butchered? Scalloping Scooping 
6 (cont.)    7 Puncture Yes 7.971 11.86 4.74 2.134       
    8 Furrow Yes 34.045 39.484 18.264 2.373       
    9 Furrow Yes 23.151 26.403 12.129 2.461       
    10 Furrow Yes 46.529 36.654 14.515 3.342       
7 Proximal               Yes - head No Yes 
    1 Pit   1.156 4.17 1.508 0.857       
    2 Pit   3.057 6.815 2.531 1.486       
    3 Score   18.007 33.883 15.923 1.225       
    4 Score   21.407 44.706 20.472 1.018       
8 Distal               Yes - condyles Slight No 
    1 Score   3.272 12.118 5.328 0.486       
    2 Pit   4.552 7.741 2.621 2.39       
    3 Score   3.142 10.194 4.142 0.62       
    4 Pit   4.555 8.68 2.293 2.251       
    5 Puncture   9.819 12.61 4.759 1.962       
    6 Pit   13.504 13.686 4.196 3.943       
    7 Score   60.833 82.962 40.519 1.507       
    8 Puncture Yes 14.921 14.484 4.949 3.61       
    9 Puncture Yes 11.972 13.128 3.909 3.885       
    10 Score Yes - half 20.994 46.478 22.439 1.092       
    11 Puncture Yes 6.119 8.998 3.046 2.447       
    12 Puncture Yes 5.443 8.798 2.632 2.436      
    13 Puncture Yes 6.586 10.139 3.378 3.304       
    14 Pit Yes 20.087 18.852 6.768 3.98       
    15 Score   25.146 30.008 12.132 1.865       
9 Proximal               Yes - head No No 
    1 Score   10.495 18.165 8.065 1.229       
    2 Puncture   3.189 6.912 2.123 1.672       
    3 Puncture   2.226 5.773 2.239 1.334      
    4 Puncture   1.495 5.092 1.919 1.242       
    5 Puncture   1.834 5.271 1.885 1.179       
    6 Pit   0.799 3.389 1.145 0.802       
    7 Score   2.286 14.468 6.88 0.377       
    8 Score   5.021 26.256 12.828 0.475       
    9 Score   2.133 9.146 4.179 0.692       
    10 Pit   0.873 4.907 2.298 0.608       
    11 Pit   1.273 5.316 2.348 0.697       
    12 Pit   2.032 5.662 2.286 1.124       
    13 Pit   1.726 5.102 1.81 1.314       
10 Distal               Yes - condyles No No 
    1 Score   36.454 28.736 11.837 3.098       
    2 Score   30.348 42.779 19.405 1.65       
    3 Score   26.327 29.712 12.12 2.393       
    4 Puncture   7.784 13.061 5.086 1.439       
11 Distal               Yes - condyles No No 
    1 Score   2.298 18.133 8.637 0.279       
    2 Pit   4.813 8.138 2.783 2.059       
    3 Score   21.421 28.597 13.279 1.725       
    4 Score   19.504 21.356 9.443 2.404       
    5 Score Yes 140.723 53.209 22.62 6.836       
12 Distal               Yes - condyles No No  
    1 Pit   0.859 3.417 1.144 0.93       
    2 Score   1.752 17.739 8.685 0.213       
    3 Score   35.468 78.145 38.303 1.193       
    4 Pit   1.073 6.541 3.091 0.49       
    5 Score   25.519 23.178 10.021 2.988       
    6 Puncture   23.053 19.487 6.836 3.798       
    7 Puncture   2.396 6.491 1.943 1.83       
    8 Puncture   5.881 12.886 4 1.814       
    9 Puncture Yes 31.255 26.256 10.903 3.292       
    10 Puncture Yes 5.069 8.864 3.252 1.758       
    11 Furrow Yes 5.814 12.6 4.945 0.993       
    12 Furrow Yes 8.475 16.424 5.905 2.182       
    13 Furrow   47.762 27.525 9.459 4.911       
13 Distal               Yes - condyles Slight No 
    1 Pit   4.544 8.088 2.967 1.906       
    2 Pit   2.659 6.357 2.536 1.446       
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Table A.1. Complete data sheet of tooth marks and their measurements.  
Number 
Prox./ 
Distal 
Mark 
Number 
Type of 
Mark 
Cancellous 
Bone? Area Perimeter Length Width Butchered? Scalloping Scooping 
 13 (cont.)   3 Furrow   55.638 34.141 14.958 4.471       
    4 Score   23.355 22.439 9.643 3.105       
    5 Furrow   19.099 24.769 10.825 1.512       
    6 Pit   8.902 12.054 4.519 2.662       
    7 Score   11.112 23.054 10.878 0.924       
    8 Score   3.128 14.014 6.75 0.488       
    9 Score   2.146 16.419 7.997 0.366       
14 Distal               Yes - condyles No No 
    1 Puncture   1.916 6.258 2.08 1.553       
    2 Pit   11.486 12.809 4.693 3.398       
    3 Pit   3.284 7.564 2.733 1.134       
    4 Pit   5.947 9.387 2.998 2.921       
    5 Pit   3.222 7.43 2.64 1.259       
    6 Score   17.515 20.883 9.122 2.208       
    7 Furrow   112.94 49.542 21.558 5.881       
15 Proximal               No No Yes 
    1 Pit   3.014 6.658 2.189 2.022       
    2 Score   14.629 20.247 9.008 1.725       
    3 Score   14.995 25.212 12.136 1.405       
16 Proximal               No No No 
    1 Puncture   3.49 7.767 2.98 1.767       
    2 Puncture   3.428 9.913 4.133 1.174       
17 Proximal NONE - - - - - - No No No  
18 Distal               Yes - condyles No No 
    1 Pit   1.437 4.641 1.558 1.115       
    2 Pit   2.53 6.004 1.74 1.698       
    3 Pit   6.931 13.569 4.63 2.625       
    4 Score   10.126 25.053 12.478 1.166       
    5 Score   9.825 21.844 10.489 1.189       
    6 Score   90.069 64.565 31.025 3.719       
    7 Furrow Yes 124.348 47.211 18.112 7.128       
19 Proximal               Yes - head No Slight  
    1 Score   4.127 18.938 8.988 0.485       
    2 Puncture   3.499 7.124 2.293 1.851       
    3 Score   26.113 27.487 11.957 2.212       
    4 Pit   17.753 16.463 6.421 3.745       
    5 Puncture   17.147 15.759 5.54 3.874       
    6 Puncture   9.164 13.765 3.721 2.189       
    7 Puncture   3.212 8.234 2.71 1.082       
    8 Pit   1.61 4.935 1.767 1.306       
    9 Score   8.584 13.497 5.37 1.506       
    10 Pit Yes 9.123 11.656 4.369 2.77       
    11 Furrow Yes 24.652 30.852 13.512 1.62       
20 Proximal               No No Slight  
    1 Pit   5.529 8.778 3.027 2.759       
    2 Puncture   2.929 6.365 1.981 1.599       
    3 Puncture   0.947 3.065 1.327 0.779       
    4 Puncture   16.326 14.751 5.115 4.274      
    5 Puncture   3.813 8.186 2.734 2.074       
    6 Furrow   64.534 36.51 14.509 5.21       
    7 Puncture   12.399 13.611 3.951 3.311       
    8 Pit   6.539 9.45 3.259 2.434       
    9 Score   14.534 27.731 13.241 1.124       
    10 Pit   28.697 20.488 7.144 5.703       
21 Proximal               Yes - head No Yes 
    1 Pit   0.235 2.686 0.967 0.202       
    2 Score   0.593 6.475 3.079 0.178       
    3 Puncture   6.217 10.449 3.421 1.884       
    4 Puncture   5.927 9.058 2.99 2.013       
    5 Pit   1.068 3.793 1.338 1.001       
22 Proximal              Yes - head Slight Slight  
    1 Pit   5.581 9.665 3.361 1.782      
    2 Pit   7.113 12.479 4.924 2.756       
    3 Pit   60.85 31.252 13.072 6.265       
    4 Pit   23.864 19.294 6.726 3.854       
    5 Pit   1.022 4.19 1.756 0.777       
    6 Pit   3.458 7.956 2.57 1.483       
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 22 (cont.)   7 Pit   1.514 4.705 1.738 1.036       
    8 Score   36.171 51.466 24.765 1.979       
    9 Score   39.593 49.703 21.572 2.728       
    10 Pit   3.873 7.272 2.357 2.093       
    11 Pit   6.785 9.578 3.419 2.594       
    12 Pit   7.127 10.095 3.426 2.313       
    13 Pit   11.119 15.233 6.159 2.097       
    14 Score   41.597 39.407 17.735 3.294       
    15 Score Yes 28.588 32.959 12.891 2.669       
    16 Pit   9.53 14.205 5.619 1.882       
23 Distal               Yes - condyles No No 
    1 Puncture   5.09 8.593 2.872 2.758       
    2 Puncture   4.025 7.467 2.179 2.028       
    3 Pit   13.989 17.647 7.673 2.293       
    4 Pit   3.696 7.55 3.056 1.567       
    5 Pit   3.627 7.357 2.017 1.955       
24 Distal               Yes - condyles No No 
    1 Score   47.041 52.244 24.05 2.016       
    2 Score   5.379 20.444 9.692 0.592       
    3 Pit   16.736 16.371 6.507 2.865       
    4 Pit   4.634 8.289 3.253 1.805       
    5 Puncture   29.074 22.39 7.277 4.295       
    6 Furrow   91.496 45.099 15.735 5.311       
    7 Pit   3.629 7.164 2.614 1.774       
    8 Puncture   30.141 21.52 7.888 4.639       
    9 Puncture   13.874 14.746 5.933 2.87       
    10 Pit   4.621 8.577 3.069 1.574       
    11 Furrow   30.163 33.63 15.121 2.084       
Starting Grizzly Bear Data 
25 Proximal               No No Yes 
    1 Score   43.495 35.72 16.659 2.865       
    2 Pit   12.142 15.031 4.304 2.88       
    3 Pit   1.628 4.671 1.56 1.308       
26 Proximal               No No Yes 
    1 Pit   1.085 3.791 1.334 1.046       
    2 Pit   1.593 5.779 2.446 0.855       
    3 Score   7.968 29.481 14.388 0.671       
    4 Pit   3.91 7.546 2.918 1.692       
    5 Score   94.369 53.193 22.315 4.684       
    6 Score   125.808 51.541 19.304 5.898       
27 Proximal               No No Yes 
    1 Score   7.199 21.22 9.905 0.792       
    2 Pit   54.76 27.274 8.401 8.614       
    3 Score   6.969 15.731 7.386 1.322       
    4 Puncture   10.015 12.486 3.754 3.866       
    5 Furrow   19.284 23.459 8.779 2.795       
    6 Puncture   4.14 7.755 2.793 1.807       
    7 Score   44.288 34.188 15.035 3.372       
    8 Score   15.504 22.191 10.088 1.624       
28 Distal               Yes - condyles Yes Slight 
    1 Score   9.747 43.273 20.981 0.539       
    2 Pit   5.877 9.49 3.535 2.085       
    3 Score   6.844 12.878 5.159 1.477       
    4 Pit   11.571 13.56 4.839 2.799       
    5 Pit   17.767 17.32 6.275 3.803       
    6 Score   11.514 21.718 9.878 1.531       
    7 Pit   8.309 10.972 3.263 2.735       
    8 Pit   49.26 33.499 9.975 6.801       
    9 Furrow Yes 278.411 80.499 34.136 8.257       
29 Proximal               Yes - head No No 
    1 Pit   3.114 7.223 2.76 1.31       
    2 Pit   12.366 14.089 5.114 3.123       
    3 Furrow Yes 24.172 29.685 12.75 2.101       
    4 Score   5.305 13.334 4.704 1.167       
85 
Table A.1. Complete data sheet of tooth marks and their measurements.  
Number 
Prox./ 
Distal 
Mark 
Number 
Type of 
Mark 
Cancellous 
Bone? Area Perimeter Length Width Butchered? Scalloping Scooping 
 29 (cont.)   5 Pit   7.844 15.178 4.504 3.191       
    6 Pit   0.478 3.075 1.201 0.472       
    7 Pit   0.327 2.218 0.823 0.455       
    8 Score   5.096 15.521 7.28 0.679       
    9 Score   6.087 21.613 9.989 0.794       
    10 Pit   0.432 2.734 1.063 0.535       
    11 Score   1.354 6.044 2.706 0.707       
    12 Pit   1.382 4.791 1.726 0.886       
    13 Score   3.853 22.106 10.74 0.505       
    14 Pit   0.491 2.835 1.075 0.559       
30 Distal               Yes - condyles Yes No 
    1 Pit   0.511 3.085 1.186 0.593       
    2 Score   10.484 15.613 6.552 1.395       
    3 Pit   5.294 9.017 3.67 1.723       
    4 Pit   7.788 10.32 3.467 3.128       
    5 Score   19.128 22.141 8.28 2.452       
    6 Furrow Yes 44.998 36.012 16.183 2.724       
31 Proximal               Yes - head No No 
    1 Score   2.149 9.821 4.67 0.533       
    2 Score   0.818 4.282 1.911 0.465       
    3 Pit   2.36 6.637 2.749 1.088       
    4 Furrow   25.895 28.07 10.096 2.199       
    5 Pit   4.338 7.712 2.725 1.937       
    6 Score   15.569 20.793 9.116 1.833       
32 Proximal               Yes - head No Yes 
    1 Furrow Yes 5.228 10.56 4.594 1.177       
    2 Furrow Yes 27.639 29.768 13.281 2.513       
    3 Furrow Yes 21.858 26.413 11.448 2.049       
    4 Furrow Yes 14.83 20.811 9.35 1.689       
    5 Furrow Yes 8.007 13.94 6.089 1.402       
    6 Puncture Yes 4.361 7.779 2.765 1.791       
    7 Puncture Yes 41.584 27.165 11.079 4.538       
    8 Furrow   41.507 38.911 15.708 2.128       
    9 Score   18.601 20.87 7.165 2.082       
    10 Score   59.836 46.619 16.271 1.666       
    11 Score   28.294 30.185 14.082 2.227       
    12 Score   31.278 26.98 11.819 2.311       
    13 Furrow   34.198 32.255 13.076 2.73       
    14 Score   6.784 15.03 6.955 1.064       
    15 Score   6.229 18.629 8.668 0.872       
33 Proximal               No Slight  Yes 
    1 Score   9.131 19.936 9.364 1.002       
    2 Score   21.702 30.273 14.149 1.983       
    3 Pit   3.388 6.85 2.051 1.917       
    4 Score   11.415 16.002 6.357 1.744       
    5 Score   24.214 24.872 10.903 2.353       
    6 Pit   1.968 5.568 2.271 1.062       
    7 Pit   2.375 5.755 1.939 1.366       
    8 Pit   2.529 6.17 1.957 1.367       
    9 Pit   7.198 11.653 4.804 2.567       
    10 Pit   5.954 11.081 3.6 1.695       
    11 Pit   8.888 11.785 4.724 2.275       
    12 Pit   4.57 7.894 2.879 2.151       
34 Distal               Yes - condyles No No 
    1 Score   10.526 49.913 24.548 0.349       
    2 Score   5.974 30.927 14.92 0.374       
    3 Furrow   88.933 62.975 30.109 3.119       
    4 Pit   8.628 10.737 3.954 2.824       
    5 Pit   6.738 9.936 3.373 2.442       
35 Distal               Yes - condyles Slight No 
    1 Pit   7.475 9.85 3.271 2.829       
    2 Pit   5.785 9.691 3.55 1.962       
    3 Pit   24.399 21.891 8.673 3.911       
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 35 (cont.)   4 Score   8.128 15.207 6.914 1.576       
    5 Score   14.919 24.964 11.384 1.015       
    6 Puncture Yes 32.854 22.147 7.102 4.868       
    7 Pit   7.102 9.876 2.882 2.665       
    8 Score   43.156 29.212 11.771 4.244       
    9 Puncture Yes 6.115 9.154 2.844 2.777       
36 Distal               Yes - condyles Slight  No 
    1 Pit   12.612 13.994 4.112 3.754       
    2 Pit   10.749 12.269 4.114 2.958       
    3 Score   33.071 35.999 16.78 2.022       
    4 Pit   8.25 12.71 5.274 1.987       
    5 Score   18.11 22.326 10.002 1.741       
    6 Furrow Yes 155.623 67.775 27.671 4.728       
37 Distal               Yes - condyles Yes No 
    1 Pit   10.777 12.622 4.584 3.079       
    2 Pit   18.785 19.177 8.29 3.136       
    3 Pit   12.44 13.31 5.076 2.949       
    4 Puncture   20.119 19.062 7.913 3.338       
38 Proximal               Yes - head No Yes 
    1 Pit   32.946 23.057 8.434 4.465       
    2 Pit   23.397 20.344 8.058 3.062       
39 Distal               Yes - condyles No No 
    1 Score   22.95 30.444 13.788 1.615       
    2 Pit   4.692 8.233 3.261 1.744       
    3 Pit   2.171 5.726 2.022 1.272       
    4 Pit   4.548 8.013 2.407 2.225       
    5 Pit   5.8415 4.346 3.476 2.053       
40 Distal               Indeterminate Slight  No 
    1 Score   10.81 41.148 19.233 0.566       
    2 Pit   2.086 7.426 1.949 1.887       
    3 Pit   2.687 6.394 2.277 1.735       
    4 Score   26.124 48.781 23.356 1.043       
    5 Score   20.674 36.955 17.542 1.476       
    6 Score   28.623 44.493 21.37 1.73       
    7 Furrow   113.161 53.459 22.857 4.796       
    8 Score   30.987 25.628 11.399 3.106       
41 Distal               Yes - condyles Yes No 
    1 Pit   49.416 26.342 8.493 5.934       
    2 Furrow Yes 82.018 38.35 16.22 5.026       
    3 Score   6.588 31.366 15.187 0.689       
    4 Pit   3.975 7.979 3.264 1.876       
    5 Pit   1.346 4.559 1.581 1.05       
    6 Pit   3.312 7.972 3.052 1.558       
42 Cylinder 
Soil 
Stained  No Marks            Indeterminate      
43 Distal               Yes - condyles Slight No 
    1 Score   16.798 42.012 20.469 1.07       
    2 Score   12.579 17.456 7.861 1.901       
    3 Score   10.241 15.123 6.362 1.623       
    4 Score   14.612 26.697 12.795 1.124       
    5 Furrow   61.268 36.779 16.475 4.214       
44 Distal               Yes - condyles Yes No 
    1 Score   2.55 15 7.265 0.398       
    2 Score   3.936 15.837 7.565 0.49       
    3 Score   19.267 38.504 18.466 0.953       
    4 Score   6.507 16.622 7.87 0.999       
    5 Score   38.194 36.943 17.2 2.238       
    6 Score   24.255 32.318 15.352 1.597       
    7 Score   20.666 39.746 19.103 1.091       
    8 Pit   1.934 5.397 2.098 1.28       
    9 Pit   5.171 11.123 4.977 1.148       
    10 Puncture   11.101 12.108 4.343 3.304       
    11 Pit   3.91 8.827 3.825 1.687       
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44 (cont.)    12 Furrow   87.911 44.543 18.578 4.727       
45 Proximal               No No No 
    1 Score   4.632 12.104 5.571 0.904       
    2 Score   15.619 19.203 8.279 2.11       
    3 Pit   23.566 18.401 6.287 4.7       
    4 Pit   6.556 10.079 3.947 1.931       
    5 Furrow   40.079 32.124 12.529 2.493       
    6 Pit   3.361 6.866 2.172 1.872       
    7 Pit   1.805 4.871 1.728 1.41       
    8 Pit   4.843 8.705 3.46 2.081       
46 Distal               Indeterminate No No 
    1 Score   2.54 10.433 4.816 0.523       
    2 Score   2.55 11.689 5.401 0.43       
    3 Score   0.71 6.206 2.962 0.344       
47 Cylinder               Indeterminate No No 
    1 Score   17.143 23.169 10.651 1.704       
    2 Score   6.743 15.769 7.393 1.064       
    3 Score   9.784 17.492 8.208 1.327       
    4 Score   11.178 17.313 7.561 1.687       
    5 Score   6.589 14.34 6.729 1.086       
    6 Pit   1.129 4.044 1.414 0.875       
    7 Pit   1.216 4.051 1.451 1.08       
    8 Score   4.459 10.468 4.565 1.037       
    9 Pit   1.426 4.622 1.503 1.419       
    10 Pit   2.362 6.893 1.981 1.79       
    11 Pit   4.657 9.523 2.974 1.96       
48 Proximal               No No  Yes 
    1 Pit   3.716 6.943 2.287 2.126       
    2 Pit   3.323 6.698 2.22 2.031       
    3 Pit   5.438 9.826 4.232 1.711       
49 Proximal               Yes - head No Yes 
    1 Puncture   33.019 22.373 6.826 5.615       
    2 Furrow Yes 46.818 34.761 13.172 2.365       
    3 Puncture   14.257 13.939 4.265 4.003       
50 Distal               Yes - condyles Yes No 
    1 Score   12.201 17.047 7.859 1.898       
    2 Score   10.811 19.041 8.569 1.18       
    3 Score   15.346 21.744 8.939 1.766       
    4 Score   5.163 10.083 3.988 1.485       
    5 Pit   4.638 8.747 2.971 2.167       
    6 Pit   6.109 11.091 4.003 2.949       
    7 Pit   15.683 14.916 5.616 3.33       
    8 Pit   4.923 8.164 2.714 2.216       
    9 Pit   6.043 8.81 2.901 2.582       
    10 Pit   4.189 7.51 2.228 2.2       
    11 Pit   6.282 9.72 3.598 2.045       
    12 Pit   20.999 20.349 8.768 3.69       
    13 Pit   2.764 6.159 2.352 1.549       
    14 Pit   5.041 9.134 3.546 1.65       
    15 Furrow   32.81 26.731 10.04 2.45       
    16 Puncture   1.094 4.29 1.403 0.971       
    17 Pit   4.294 8.299 3.258 1.833       
    18 Pit   1.369 4.279 1.339 1.297       
    19 Pit   0.726 3.456 1.045 0.637       
    20 Score   8.579 25.28 11.98 0.673       
    21 Furrow   103.382 43.83 17.335 5.355       
    22 Score   4.933 14.695 6.898 0.86       
51 Distal               Yes - condyles No No 
    1 Score   21.649 44.813 21.479 1.203       
    2 Pit   3.112 6.603 2.229 1.6       
    3 Puncture   35.849 24.488 8.562 2.909       
    4 Pit   9.001 12.429 4.969 2.082       
    5 Pit   42.611 26.95 10.089 4.189       
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 51 (cont.)   6 Pit   25.07 20.019 7.128 5.197       
    7 Score   19.818 23.905 10.621 2.201       
    8 Score   13.621 74.633 36.287 0.396       
    9 Pit   14.099 17.081 7.397 2.535       
    10 Score   25.204 25.99 10.542 2.43       
52 Proximal               No No Yes 
    1 Puncture   91.176 35.679 10.716 9.337      
    2 Score   28.885 62.22 28.946 1.419       
    3 Score   17.06 31.042 12.662 0.929       
53 Distal               Yes - condyles No No 
    1 Score   7.659 21.117 10.09 0.768       
    2 Pit   14.059 14.216 4.911 4.051       
    3 Pit   8.948 11.391 3.153 3.011       
    4 Pit   19.013 15.954 5.764 4.856       
    5 Pit   7.64 10.087 3.261 2.802       
    6 Score   61.87 139.613 67.132 1.025       
    7 Score   24.782 22.895 10.285 2.835       
    8 Score   15.157 20.751 9.293 1.752       
    9 Score   7.205 14.603 6.906 1.309       
    10 Score   58.965 39.383 15.789 3.825       
    11 Score   9.897 16.022 6.611 1.694       
54 Distal               Yes - condyles No Yes  
    1 Score   5.244 15.315 8.108 0.674       
    2 Score   4.01 16.711 8.007 0.517       
    3 Score   3.257 16.577 8.003 0.375       
    4 Pit   9.855 12.021 3.6 2.85       
    5 Furrow Yes 27.241 31.375 14.402 1.767       
55 Proximal               No No Yes 
    1 Pit   10.285 11.668 4.115 3.272       
    2 Score   6.723 16.045 7.393 1.046       
    3 Pit   2.182 5.327 1.637 1.634       
    4 Pit   2.341 6.818 2.22 1.08       
    5 Pit   3.219 7.353 2.76 1.282       
    6 Pit   3.3 6.857 2.495 1.724       
    7 Pit   1.638 4.706 1.515 1.308       
    8 Pit   2.56 5.893 1.98 1.559      
    9 Pit   1.445 4.755 1.927 0.987       
    10 Puncture   35.217 22.463 6.483 5.799       
56 Distal               Yes - condyles No No 
    1 Score   26.263 22.721 10.084 3.592       
    2 Pit   1.976 5.363 2.042 1.32       
    3 Pit   1.604 6.166 2.701 0.732      
    4 Score   2.617 9.142 3.685 0.749       
    5 Score   6.623 15.44 7.338 0.972       
    6 Pit   3.6 7.089 2.275 2.096       
    7 Pit   11.779 13.025 4.985 3.332       
    8 Pit   11.321 13.205 3.563 3.136       
    9 Pit   1.82 5.726 2.254 0.974       
    10 Pit   13.216 14.913 5.002 2.482       
    11 Score   20.986 24.912 10.56 2.027       
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